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AND THEIR SIGNIFICANCE 


By Dr. CHARLES SNOWDEN PIGGOT 
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eslgned a 
broue!l 1 


mud from 


The botton samples se 


oceanography 
ines 


W850 the need for etter sound an effort 


device was urgent ‘heavy sound submarine 











from December 
s expedition eiIcumbhayvi 


raversed thre 


made observations 
departments of 


ogical se 


‘Challenger Office”’ i 
on upled with thre 
aried material 


Expedition 


; 


and made 1 tempt to secure 


from below > immediate sur 
latter This creat expedition 
fundamental datum o 


i the ocean: there 
of a similarly broad 


a did happen It} he oceal 


This information 


liments, and it is to 


5 all 4 
our etforts 


SIGNIFICANC 


ra moment 


some aspects of thre 


I 





all basn Ss 
ave been 


e history 


mto dif 


to the 


evidence fur . lit marine 


sediments iS Tor mstance e Carbon 


us, When a moist, warm ¢limate filled 


Vast swamps with rank tropical vegeta 
: wher 
: the more recent Pleistocene 
' compressed 
when a cold environment caused creat 
‘ limestone 

Inasses OF ice TO spread Over large areas ' 
3 , pushed 

Each such period deposited its charae 
} ane ava 
Leristic pave 1n the accumulating reeord 


at the ocean bottom Throuch these aves a 
' ° This substance 
le ocean has been receiving the material 


eroded from the continents. the chemical 
substances dissolved by the rains and the COMmpanlol! 
dust and voleanie ash borne by the wind, Sedtum el 
As these things changed in character or ©"! 0! 
amount they left their record in the fuori 2, 
ocean's bottom The sharp pebbles and found in appro 


yn sedin e) 


ic 


coarse sand broueht by the ice contrast 

: 
markedly with the fine flocculent burden rOCK 
of unhurried rivers This record has /arge 
been accumulating durine mat v changes ance the 
on the neighboring continents and durine (res 
many changes in the water above no lan 
All these reeords have been laid down nodules 
in historical sequence, and in some places 1h some 


slabs oT square 


Why this is so we ot know 


working ou 


this sequenee has remained undisturbed 
throughout many geologic ages. Far out 


from land in the undisturbed depths of 
l ] . 
hie open ocean this record has accumu ably earn 


Tf pected 


lated verv slowly. hat few feet « 
depth represent , Y interval of 


Time 
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produces s 4 
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CONTINUOUSIS 


prockuets, 
alories ot ! 


t more 
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radioac 


} geophysical 


everal element 
the most Import 


activity 
thorium and potassiun 


nm. th 


hecaust 1 the 


because 


stulated was able 


f the basa 


push up 


W het} 
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Ormous — radium 


radioactive 
stores ol e hay found porate 
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no sedime 

eentratiol 
about by Sei 

expect to find some 


CXISTII 
nection 

permanet the charac 

press! 

of t] 

cet} er W 

lation of radium 
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this radium 


separated Prom 


lv on its own and is 
in equilibrium with its parent substance 
uraniun if will disapp ir’ 


tirely, in | 
moment in 


10 or PO thousat 


cred) 


IS only 





tke SAMPLES OF 


COMPO 
se portions oO 
the oxides of manga 
rom are st parated as revealed 
vlules of these el 
eoncentratiol 
is the higher 
radium content of sea 


s belng about 0. 0v 10 vrais 


‘+h is probably high whicl 


to a uranium concentratio) 


rrams per ec, we find that the 

not very greatly different 
constituents such as 
silicon, from 


evanisms bul 


In all probabi t\ 
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center of wl 
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ire pan 
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ficient force 1 
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} ‘ vor] 7. re Pres } x ‘ 
ra | | lrostat e} | h ‘ 4 
S ( e } hy s the 7 ) enot | S ) Bits 
( i stra B rtue of This ene this ay ised ‘ ‘ 
ray f vncl the INé thre preore Those ne bye sed are 10 
I po rlery'e ‘ Htamecd a more I) S thes De 
ess automatic adjustment of the de neitudina top to bott 
ed power to the required work Kor function is to provide channels b 
eXample, i sO) rye ets of bie powder are water mav vet down to the bott 
puta toa cartridge and it is sent to 1.000 bit and to fi the CavilV in the 
fathoms and encounters a st {ft elay the ated by the withdrawal of the bit 


added pressure and resistance will cause 
the powder to burn more rapidly, and all 
of it will be converted into was: whereas 

the same charge encountered a very 
soft bottein at a shallow depth, only that 


powder would be consumed which had 


burned up to the time the muzzle was 
cleared—which would occur sooner that 
in the former case. The optimum load, 
therefore, is one which leaves a erain or 
two of partly burned powder in the cart 
ridge, The ultimate condition ts that 


which eXISTS when the bit lands on solid 





rock and all the energy must go mito 


moving the eun, which is then blown up 





ward and thereby saves the apparatus 
Prom destruction The bits have been 


made strong enough to meet this extreme 





condition 





The ficing mechanism consists of only 
three parts, a trigger, firing-pin and 
spring. A safety-pin of hardened steel 
is put in place before the cartridge is 
attached, and this is withdrawn by means 
of a lanvard just before the apparatus 
evoes under the water. Should it be nec 
essary to return the apparatus to the 
deck, before firing, this pin can be in 


serted again before the apparatus 


hoisted over the side 

Because of the high velocity of the bit 
at the time of firing, the water within it 
acts as a solid body. During early ex 
periments the bit was often driven deep 


into the mud, but no samples were ob- 





tained. The water exit port gives the bit 
an open-tube condition at the top while "cG. 4 .PPARATUS REA 


keeping the foree of the explosion cen BEING 1 ) BY LANYARD 
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ht additional material to that re- 
luring the time represented by the 

r portion of the other cores. From 
No. 4 to Core No. 8 the six charac- 
stie strata can be traced. Core No. 8 
s taken from the top of the Faraday 
s, as the Mid-Atlantic Ridge is called 
it place. The general set of the 
ter in that part of the North Atlantic 
ward the east and northeast, and ap- 
el tly this tends to sweep material off 
top of this high, narrow ridge and 
There- 


the cores taken between the Ridge 


it it in the valley beyond. 


1 the continental shelf off Ireland did 


penetrate through to the three other 


ial zones which undoubtedly lie 


iried there. The chemical, mineralog- 
il and biological information yielded 
The 


particularly 


these samples is equally definite. 

gical agreement is 
riking. Dr. 

e foraminifera quite independently 
He prepared a 
ram indicating cold and warm water 
the remains of 
When this dia- 
was superimposed upon the stra- 


Cushman made his studies 
the geological group. 


eriods as revealed by 
se minute creatures. 
vram 
rapher’s map it fitted with astonishing 
Between the glacial periods 
the the 
indicate was as 


ncidence. 
lowest glacial 
that the 
rm or warmer than it is to-day. 
Dr. Byers, of the U 
Agriculture, is finding in these cores the 


d below zone 


water 


rms 


selenium, which is found in the soil 
nd in river waters but not in sea-water. 
An unexpected and rather spectacular 
nvestigation is being undertaken by the 
Department of Terrestrial Magnetism of 
Carnegie Institution of Washington, 
ch is finding these cores helpful in a 
tudy of the changes in the orientation of 
earth’s magnetic field. Consider a 
nute particle of a magnetic mineral 
nd there such settling 
] 


are many 


vly through the quiet water at the 
ttom of the ocean. Like a tiny com- 
pass needle it orients itself along the line 


the magnetic force at that place and 


S. Department of 


BOTTOM 


time. A multitude of such 
buried in the 
their orientatio 

termined by delicate electrical 


at that 
ticles become sedime! 

res can be 
apparatus 
Therefore, as this orientation shifts back 
and forth throughout 
core, it reveals the 
lines of magnetic 
past. Here is a rec 
magnetic sl p Carneg 
piled had it 


several hundred th: 


been cruisin 


usand years or s 


(CONCLUSION 


res of the earth’s 


The two 


surtace are the continental elevati 


greatest Teatu 
lis and 
trom 


the oceanic basins The drainage 


latter has been a con 
the bh 
This drainage has 
this 
record has been compiled Although 


the former into the 


tinuing since rinning 


proces SS 
geologic history 


the mechanism whereby hist 


record pond 


eorr°re 


portion OF this 


Lisi 


remote ages can not be reached, a e 


erable pe riod oT more recent reolovic 


time can be studied 


require 


drainage 


ment is a study of a 


one not affected by 
and one which is 

The 
world, 


dustry 
drainage 
Ama 


require 


its scope two greatest 


systems of the namely, the 


zon and the Congo. meet these 

They both ont 
nental areas and deposit their burden in 
the South Atlantic 
unaffected by agriculture « 


ments drain large 


Bot h are pract ically 


physical, chemical and biol 


well 


of the sediments from within such 
a river’s mouth, out across the submerged 
delta, 
of salt 


basin beyond, would teach us mu 


across the zone ot o effect 


increasin 


the deep 
rh 


water and into 
processes reflecting the relations| Ips now 
existing between these great continental 
areas and the receptive sea. Knowledge 
of such normal, present relations would 


recognize abnormal! eondl 
as of the Mississippi the 
and to interpret 


in the rece rd of 


enable us to 
tions elsewhere 
Ganges or the Yangtze 
the evidence contained 


the more distant past 





THE TRANSMUTATION OF MATTER 


By the late LORD RUTHERFORD OF NELSON! 


Tue TRANSMUTATION OF MATTER taneous transmutation. At any mom 

I HAVE so far spoken of the importance a small fraction of the atoms concen 
of science as a factor in national develop- become unstable and break up wit! 
ment, but before concluding my address, plosive violence, hurling out either 
[ would like to refer to some investiga- charged atom of helium, known as ar 
tions in pure science in which I have been _ particle, or a swift electron of light mass 
personally much interested. I refer to called a (£ particle. As a result of thes 
the successful attack on that age-old explosions, a new radioactive element 
problem of the transmutation of matter formed and the process of transmutat 
which in recent years has attracted so once started continues through a nur 
much attention from physicists through- of stages. Each of the radioactive 
out the world. ments, formed in this way, breaks 

I hope it may prove of interest to give according to a simple universal law, 
a brief account of the successive stages at very different rates. In a surprising 
of the growth of our knowledge of this short time. these suecessive transforn 
subject, for it illustrates in a striking _ tions were disentangled and more thar 
manner the power of the scientific method pew types of elements brought to 
of attack on what at first appeared to be while the simple chemical relations 
an insoluble problem. Incidentally these tween them were soon made clear 
researches have yielded us precious infor We had thus been given a vision 
mation on the structure of all atoms, and pew and startling sub-atomie world wi 
indeed it seems likely to have provided us atoms break up spontaneously wit 
with a key, so to speak, to unlock the gyormous release of energy quite un 


secre 4 » CO itution of our ater . 
ecrets of the constitution of our material gyenced by the most powerful agen 


world at our disposal. Apart from uran 


lowards the eclose of the nineteenth and thorium and the elements deriv 


century, when it seemed certain that the from them, only a few other element 


ato F » elements were unchangeable , . 
itoms of the elements were unchangeabl showed even a feeble trace of radioa 


by the forces then at our command, a_ =. m™ — 
7 = rorees &. “= ity. The great majority of our ordi 
discovery was made which has revolution- : ; 
: elements appeared to be permane! 
ized our conception of the nature and “a8 
; ' ' stable under ordinary conditions on 
relations of the elements. I refer to the 
discovery in 1896 of the radioactivity of 


the two heaviest elements, uranium and 


earth. Science was then faced with 
problem whether artificial methods « 


thorium. It was soon made clear that be found to transmute the atoms - 
this radioactivity is a sign that the atoms ordinary elements Before this pri 
of these elements are undergoing spon could be attacked with aay hope o! nes 
| Coticlnding part of the presidential afires °°" it was necessary to know more of t 
i linen ten Tiatieen Melee Chudeenn Reneihittnn actual constitution of atoms. This ini 
prepared by Lord Rutherford before his death mation was provided by the rise of 


ind presented to the congress meeting in Cal nuclear theory of atomie structure w! 
utta on January 3. This is the last part of | 


first suggested in 1911. The essent 
the address, which contains two other sections 1; , 7 1] 
one on ‘‘Seience and Industry in India’’ and controling feature of all atoms 


one on ‘‘ Industrial Research in Great Britain.’’ found to reside in a very minute cent! 


218 
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THE TRANSMUTATION OF 


is which carried a positive charge 
the 
unexpected 


contained most of 


A relation of sim- 


ty was found to connect the atoms of 


e elements. The ordinary proper 


s of an atom are defined by a whole 


which represents the number of 

ts of resultant positive charge carried 
nucleus. This varies from 1 for 
gen to 92 for the 
im, and with few exceptions all the 


heaviest element 


rvening numbers’ correspond to 

wn elements. 

in this view of atomic structure, it 

s evident that, to bring about the trans 
n of an atom, it was necessary in 

me way to alter the charge or mass of 

Sinee the 


is of an atom must be held together 


nucleus or both together. 


ry powerful forces of some kind, 
yuld only be effected by bringing a 
entrated 


source 


the 


of energy of some 


1 to bear on individual nucleus 


most energetic projectile available at 
time was the swift particle spon 


usly ejected from radioactive sub 
‘es. If a large number of q particles 
fired at random at a sheet of matter, 
was to be expected that one of them 
ist occasionally approach very closely 
light atom in its 


nucleus of any 


close eneounter, the 


In such a 


be violently disturbed and 


is must 
bly under favorable conditions the @ 
‘le might actually enter the nuclear 
ure 
is mode of attack upon the nucleus 
nee proved successful. I found in 
19 that nitrogen could be transformed 
bombardment with particles 


fast @ 


process of transmutation is 


now 
Occasionally an g particle actually 
he nitrogen nucleus and forms 

a new unstable nucleus which in 
tly breaks up with the emission of a 
proton (hydrogen nucleus) and the 


ation of a stable isotope of 


iss 17 


oxygen 
About a dozen of the 


mass of the 


MATTER 


elements were 
in a Similiar way 


in the nuclear explosions 


counted by observing the flashes 


Scintiliations 


produced in pl 


cent zine sulfide. This method was s 


and very trying to the 


eves 


servers. Progr ss, however, be 


rapid and definite when e! 


ods of individua 


counting 
These ele 


were de velope ad 


ters, 


mainly depending on 


electron-tubes for magnifying small 


rents, have now reached such a s 
perfection that we are 
matically individual fast particles like 
particles and protons, even thoug! 

enter the dete 


; 


ting chamber a 


fast as ten thousand per min 


other special devices, we are in like 


ner able to count 


mention that wonderful instrument 


Wilson expansion chamber, whi 


visible to us the actual tracks 


fragments of atoms resulting ft 


atomic explosion. These remarka 


vices have played 


in the rapid growth of 


an indispensabl 
knowledg: 
It is to be 


progress in scent 


the last few years emp! 
that 
greatly 
new technical methods and 


With 


complexity of science, the 


influenced by thi 
ror measurement 


special techniques is 
importance for the advane 
Up to the year 1932, experim: 


transmutation were confined to 


of gq particles for bombardin; 
It became clear t} 
formation was 

since er 


ups 


characteristic 


able to coun aut 


man 


In this connection, I must not on 
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the excess energy was sometimes released appearance of a free positive 

in the form of a quantum of high fre- while conversely the change of a 1 

quency radiation. into a proton gives rise to a free 1 
The stage was now set for a great ad- electron. In this way it appears p 

vance, and four new discoveries of out- to account for the observed fact 

standing importance were made in rapid either positive or negative electr 

succession in the period 1931-3. I refer emitted by a large group of rad 


to the discovery of the positive electron elements to which I will now refer 
by Anderson in 1931, of the neutron by In the early experiments on tra 
Chadwick in 1932, of artificial radioactiv- tation by a particles, it was suppos 
ity by M. and Mme. Curie-Joliot in 1933 a stable nucleus was always forme 

T) 


and of the transmutation of the elements’ the emission of a fast proton 
by purely artificial methods first shown tigations of M. and Mme. Curi 
by Cockeroft and Walton in 1932. showed that in some cases elements 
The discovery of the neutron—that formed which, while momentarily st 
unchanged particle of mass nearly 1— _ ultimately broke up slowly, exact 
was the result of a close study of the the natural radioactive bodies. M 
effects produced in the light element these radioactive bodies formed by 
beryllium when bombarded by a particles. ficial methods break up with the e) 


It is noteworthy that the proton and neu-_ sion of fast negative electrons, but 


; 


tron, which are now believed to be the few eases positive electrons are emitt 
] 


essentia 


nuclei are built up, owe their recognition bodies can be easily detected, an 
to a study of the transmutation of matter chemical properties readily det 
this new method of attack on the 


units with which all atomic Since the presence of these rad 


by a particles. 
Before the discovery of the neutron, it of transmutation has proved 

had been perforce assumed that nuclei value. Nearly a hundred of these 1 

must in some way be built up of massive active bodies are now known, 

protons and light negative electrons. in a great variety of ways. 5 


Nneories§ Ol 


rheorie f nuclear structure became from the bombardment by fast 

much more amenable to ecaleulation when _ ticles, others by bombardment wit] 
the nucleus is considered to be an aggre- tons or deuterons. As Fermi and 
rate of particles like the proton and neu- colleagues have shown, neutrons and 


tron which have nearly the same mass. ticularly slow neutrons are extra 
There was no longer any need to assume _narily effective in the formation of 
that either the positive or the negative radioactive bodies. On account 
electron has an independent existence in absence of charge, the neutron ent 
the nuclear structure. We are still un- freely into the nuclear structure 
certain of the exact relation, if any, be- the heaviest element and in many 
tween the neutron and the proton. The causes its transmutation. For exam 


¢ 


neutron appears to be slightly more mas- a number of these radieactive bodies 
sive than the proton, but it is generally produced when the two heaviest elen 
believed,. although no definite proof is uranium and thorium are bombard 
available, that the proton and neutron’ slow neutrons. In the ease of uran 
within a nucleus are mutually convertible as Hahn and Meitner have shown 
under certain conditions. For example, radioactive bodies so formed break uy 
the change of a proton into a neutron a succession of stages like the nat 
within the nucleus should lead to the radioactive bodies, and give rise 


+ 
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trans-uranic elements of in a strong electric field. This has in- 
atomic number than uranium’ volved the use of apparatus on an engi 
These radioactive elements have neering scale to provide vo 
‘hemical properties to be expected as one million volts or more 
the higher homologues of rhenium, of fast pumps to maintain a go 
im and iridium of atomie numbers A large amount of difficult 
4 and 95. work has been necessary to pr 
ese artificial radioactive bodies in high D.C. voltages and to fi 
ral represent unstable varieties of methods of applying them to 
sotopes of known elements which erating system. In Cambridge 
a limited life. No doubt such _ voltages are produced by mu 
nsient radioactive elements are still voltage of a transformer by 
ed by transmutation in the fur- condensers a1 
f our sun where the thermal mo- States by the 
f the atoms must be very great. 
se radioactive elements would rapidly 
ppear as soon as the earth cooled 
} 


ifter separation from the sun. On 


w, uranium and thorium are to be 


] 


led as practically the sole survivors 


earth of a large group of radio 
} 


elements, owing to the fact that 
me of transformation is long com- 
with the age of our planet. 
s of interest to note what an im- 
part the g particle, which is itself the gq part 
ict of transformation of the nat substances 
idioactive bodies, has played in the 
of our knowledge of artificial 
mutation. It is to be remembered, 
at our main source of neutrons for 
rimental purposes is provided by the 
irdment of beryllium with @ par 
The amount of radium available 
ir laboratories is, however, limited, 
t was early recognized that if our 
edge of transmutation was to be 
led, it was necessary to have a 
us supply of fast particles of all showed that there was a small 
exam] nds for bombarding purposes. It is comparativel: ww bombarding part 
od ies known that enormous numbers of mie] 


ns and deuterons, for example, ean conelt 


arded by be easily produced by the passage of the by experiment 
uraniu! trie discharge through hydrogen and 
own, t terlum (heavy hydrogen). To be 
ak up fective for transmutation purposes, 


» na er, these charged particles must be 


"se I 


high speed by accelerating them 








The study of the transmutation of ele- 
ments by using accelerated protons and 
deuterons as bombarding particles has 
given us a wealth of new information. 
The capture of the proton or deuteron by 
a nucleus leads in many cases to types of 
transmutation of unusual interest. For 
example, the bombardment of the isotope 
of lithium of mass 7 by protons leads to 
the formation of a beryllium nucleus of 


mass 8 with a g@ 


rreat excess of energy 
This immediately breaks up with two a 
particles shot out in nearly opposite 
directions. When boron 11 is bombarded 
by protons, a carbon nucleus of mass 12 
is formed which breaks up in most cases 
into three g particles. The deuteron is in 
some respects even more effective than the 
proton as a transmuting agent. When 
deuterons are used to bombard a com 
pound of deuterium, previously unknown 
isotopes of hydrogen and of helium of 
mass 3 are formed, while fast protons 
and neutrons are liberated. The bom 
bardment of beryllium by very fast deu 
terons gives rise to a plentiful supply of 
neutrons. Lawrence has shown that the 
bombardment of bismuth by very fast 
deuterons leads to the production of a 
radioactive bismuth isotope, which is 
identical with the well-known natural 
radioactive product radium E. Many 
artificial radioactive elements can be pro 
duced often im great intensity. For 
example, the bombardment of common 
salt by fast deuterons gives rise to a radio- 
active isotope of sodium. This breaks up 
with a half period of 15 hours, emitting 
not only fast 6 particles but y rays at 
least as penetrating as those from 
radium 

It may well be that in course of time 
such artificial radioactive elements may 
prove a useful substitute for radium in 
therapeutic work. By these methods 
also, such intense sources of neutrons can 


be produced that special precautions 
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have to be taken for the satety 


operators of the apparatus 

Sufficient I think has been said 1 
trate the variety and interest of the 
mutations produced by these bom} 
ment methods. It should,” however 
pointed out that transmutation in 
eases can be effected by transferring 
ergy to a nucleus by means of gar 
rays of high quantum energy inst« 
by a material particle. For examp 
deuteron can be broken up into its 
ponents, the proton and neutron, | 
action of the gamma rays from rad 
or thorium. As a result of the bomb 
ment of lithium by protons, gamma 
of extraordinarily great quantum er 
as high as 17 million volts are strong 
emitted. Bothe has recently shown t 
these high energy rays are able t 
mute a number of atoms, neutrons 
ally being emitted in the process 

Some simple laws appear to hold 
individual transformations so far 
amined. Nuclear charge is always 
served, and where heavy particles 
emitted, so also is energy when a 
is taken of the equivalence of mass 
energy. Certain difficulties arise w 
regard to the conservation of energy 
eases where light positive and neg 
electrons are emitted during transn 
tion, and there is still much discuss 
this important question 

The study of the transmutation of n 
ter has been extraordinarily fruitfu 
results of fundamental importance 
addition to the g particle, it has disel 
to us the existence of those two bu 
units of nuclei, the proton and neut 
It has greatly widened our concept 
the varieties of atomic nuclei whic! 
exist in nature. Not only has it I 
the discovery of about one hundred 
radioactive elements, but also of seve! 
stable isotopes of known elements like *H 
He, "Be which had previously been 
suspected. It has greatly extended 








omb 


ma 














wledge of the ways in which nuclei 
be built up and broken down, and 
1s brought to our attention the extra 
rdinary violence of some of the nuclear 
<plosions which oceur. The great ma 
ty of our elements have been trans 
ited by the bombardment method and 
the case of the light elements which 
ive been most carefully studied a great 
iriety of modes of transmutation have 
n established. 
Rapid progress has been made, but 
wh still remains to be done before we 
in hope to understand the detailed 
structure and stability of different forms 
itomie nuclei and the origin of the 
ments. I ean not but reflect on the 
mazing contrast between my first ex 
eriment on the transmutation of nitro 
gen in the University of Manchester in 
1919 and the large-scale experiments on 
transmutation which are now in progress 
many parts of the world In the one 
ise, imagine an observer in a dark room 
vith very simple apparatus painfully 
inting with a microscope a few faint 
scintillations originating from the bom 
bardment of nitrogen by a source of g 
particles. Contrast this with the large 
ile apparatus now in use for experi 
ents on transmutation in Cambridge 
\ great hall contains massive and elabo 
rate machinery, rising tier on tier, to give 
steady potential of about two million 
ts. Nearby is the tall accelerating 
imn with a power station on top, pro 
ted by great corona shields—remind 
ng one of a photograph in the film of 
Wells’s ‘*The shape of things to come.”’ 
The intense stream of accelerated par 
‘les falls on the target in the room below 
with thick walls to protect the workers 
irom stray radiation. Here is a band of 
nvestigators using complicated electrical 
levices for counting automatically the 
multitude of fast particles arising from 
the transformation of the target element 


r photographing with an expansion 
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chamber, automatica ly controlled 


+ ] + . 
actual tracks 


atoms 

To examine the effe r st faste 
particles, a cyclotron is installed in an 
other large 1 m r'} irg { m 


net and accessories are sur! 
vreat water tanks containing boron u 
solution to protect the workers from 
effect of neutrons released in the appa 
A power station nearby is needed 
to provide current to excite the elect 
magnet and the powerful « 
lators 

Such a comparison illustrates the 


? ryt 


markable changes in the seale of rest 


that have taken place in certain branches 


} 


of pure science within the last twenty 
years. Such a development is inevitable 
for, as science progresses, important 
problems arise which can only be solved 
by the use of large powers and compli 
the attentior 


If rapid 


team work 


cated apparatus, requiring 
of a team of research workers 
progress 1s to be made, suc] 
is likely to be a feature of the more elabo 


rate researches in the futur Fortu 
nately, there is still plenty of scope for 
the individual research worker in many 
experiments of a simpler kind 

The science of physics now covers suc! 
a vast field that it is impossible for any 
laboratory to provide up-to-date facilities 
for research in more than a few of its 


branches. There is a growing tendency 


in our research laboratories day to 


‘ 


specialize in those particular branches 0 


physics in which they are most interested 
r specially equipped. Such a division 


of the field of research amongst a numbe1 


of universities has certain advantages 


S subdiv s10n 18 not eal 


provided that t] 
ried too far. In general 


should be left free as far as possible to 


the universities 


develop their own lines of research and 
encouraged to train young Investigators, 
for it can not be doubted that vigorous 


schools of research in pure science art 
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vital to any nation if it wishes to develop 
effectively the application of 
whether to agriculture, industry or medi- 
Since modern 
science are sometimes costly, and often 


selence, 


cine. investigations in 
require the use of expensive apparatus 
large-scale collaboration, it is obvi- 
that funds 
available to the universities to 


and 


ously essential adequate 
should be 
cover the cost of such researches. 

In this brief survey I have tried to out- 
line the contributions to scientific knowl- 
edge made in India, and the needs of the 
immediate future if science is to play its 


While the 


study of modern science in India is com- 


part in the national welfare. 


paratively recent and naturally much 


influenced by Western ideas, it is well to 


recall that India in ancient days was the 
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home of a flourishing indigenous scien 
which in some respects was in adva 
of the rest of the world at that time 
study of ancient writings has dise 

in recent years the extent and variety 
these scientific contributions, whic] 

bly advanced the study of arithmetic 
geometry. The researches of Sir Prat 
Ray have also brought to light the im 


tant advances made in metallurgy 
chemistry. May we not hope that 
natural aptitude for experimental 
abstract science, shown so long ag 
still characteristic of the Indian p 
and that in the days to come India 


again become the home of science 
only as a form of intellectual activity 


also as a means of furthering the pros 


of her pe yples. 











W eave thoughtful 





THE SKEPTICAL PHYSICIST 


By Dr. PAUL R. HEY 


NATIONAL BUREA 


Tuose of you who are acquainted with 
he history of science will recognize the 
source whence I have plagiarized the title 

this article. In the middle of the sev- 

nth century the young science of 
emistry was in a state which troubled 
nscience of the Honorable Robert 
soyle, whose interest in this science was 
ng. There was a theory widely held 
time that all substances were com- 
sed of three primary principles—salt, 
In ‘‘The Sceptical 


Chymist,’’ published in 1661, Boyle com- 


sulfur and mereury. 
d this idea, eriticizing the exper- 

ts upon which it was based and point- 
among other things the difference 
mixtures and compounds. Mod- 

rn chemistry owes much to the pioneer 
f Boyle, and his merits were not 
ppreciated by his 
dubbed him ‘‘the father of chemis- 
ind the brother of the Earl of Cork.’’ 
‘skeptical’’ has an etymol 


contemporaries, 


The term 
ey from which its present-day meaning 


W lely departed. The Greeks ap- 


plied the adjective oxerrixos to a person 


consideration to 
ers which ealled for action or de- 

n. The antithesis of such a skeptic 

s the person who acted on impulse or 
motion. Perhaps because the judgment 
‘tie was so often adverse, he 


| 
gradually became recognized as a chronic 


ibter or even as an iconoclast. It is 
these 
ns may have been due in many 


adverse 


ssible, however, that 


s not to original sin in the skeptie, 
essential unsoundness in the sub- 
s that he was called on to consider. 


i like to think that Boyle used the term 
‘skeptical’’ in its original sense, and in 
at sense I may be permitted to use it 

the present discussion. It is as true 
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OF STANDARDS 


} 


now as when Victor Cousin said it, nearly 


a century ago, that ‘‘la critique est la vie 


de la science, 


and the history of science 
shows that situations arise at frequent 
intervals where the ap 


principle is called for. When eriticism 1s 


ST ij ~ 1¢! t 

One t these situations contronts us at 
the present time and has called forth a 
p es irom a skeptical phys st 1 
which scientific men of all households of 
Taith n W viy tte) ! 
] S tl Ss I p ysics mmea 
ately concerned, the situation involves the 
fundamental question of tl ttitude ol 


the scientific man toward naturt 


I refer to Dr. Herbert Dingle and his 


artic] n ‘‘Modern Ar ellanism 
whiel ppears in Nature | M iy 5 1937 
The replies, pro and con, to this article 
were so numerous and extensive ft] t 
was necessary t devote an e1 ipple 
ment of Nature to them June 12, 1937 
It will, I think, be interesting and profit 
able to give a résumé of Dingle’s article 
and of some of the replies to it 


Dingle’s article may appear to have 


been inspired by published statements by 
Eddington and Milne, but between the 
lines there are some of us ¥ 

Sympathetica ly the st ry ft a SIOWLY 
growing skepticism which has finally 


burst all bounds. 
The term ‘‘ Aristotelianism,’’ as Dingle 
uses it, does not refer much to the 


doings and thinkings of Aristotle himself 


is to t habit of mind ai it K 
ipon nature of th medieval s irs Who 
acknowledged the er S te as their 
master. Orthodox science su Galileo's 
day has held that the first step in the 
study of nature is the observation of phe 


nomena, from which we may pass by 
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the 
principles. The 
Dingle 
nated the scholastic thought of the west- 


induction to derivation of general 
‘*Aristotelianism’’ to 
which refers, and which domi- 
ern world up to the seventeenth century, 


was the doctrine that there are general 
principles known a priori to the human 
mind apart from observation or sense 
perception 

For instance, Aristotle reasoned that a 
heavy body must fall more rapidly than 
a lighter one, and this a prior: principle 
was accepted and believed by the Aristo- 
telians for 2,000 years, until it was shown 


by experiment and observation that such 


was not the fact. As Emerson says, 
‘*Things are in the saddle, and ride man- 
kind 

For three centuries this Aristotelian 


view of nature has been regarded, at least 
by scientific men, as dead. It is, there- 
fore, as Dingle says, no light matter when 
we find in our own day a revival of Aris- 
totelianism in the front ranks of science 
itself. 
Dingle quotes statements by Eddington 
and by Milne. 


Eddington’ says: ‘‘There is nothing in 


As eround for this serious charge 


the whole system of laws of physies that 
ean not be deduced unambiguously from 
An intel- 
ligenece unacquainted with our universe 
but the 
thought by which the human mind inter- 


epistemological considerat ions. 


acquainted with system of 
prets to itself the content of its sensory 
experience, should be able to attain all the 
knowledge of physics that we have at- 
tained by experiment.’’ 

Milne* is somewhat more restrained 
and conservative when he says, ‘‘It is, in 
fact, possible to derive the laws of dynam- 
ics rationally without recourse to 
experience. ’’ 
like these, coming from 
leaders in science, are indeed serious, and 
their 
authors have to say in their own defense. 


Elee 


Statements 


it will be interesting to see what 


1‘** Relativity Theory of Protons and 


or 


trons,’’ p. 327. 


2 Proce. Roy. Soc., _. 158, 329; 1937. 
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Eddington stands by his guns, rem 
ing that the passage cited by Dingl 
been likewise quoted ‘‘without its s 
guards’’ by almost all the reviewers 


And 
Eddington makes it clear that the qu 


book what are these safecvuar 


passage must not be interpreted as t 
priort basis of his philosophy, but is 1 
unexpected conclusion at which hi 
arrived as the result of his investigati 
investigations 


And what are these 


Some years Eddington, by 


avo 
abstruse mathematical discussion wl 


he did 


tional measurements, 


states not involve any obs 


arrived at a fig 
for the mass-ratio of the proton and « 

tron which was quite close to the accept 
Still 


experimental results. later hi 


culated by a relativistic-wave-mecha 


method that the total number of 
mentary particles in the universé 
2x 136 x2 This result still aw 


experimental check 

*‘After a 
researches,’’ says Eddington in his rey 
to Dingle, ‘‘] found that 
part of the current scheme of physies 


rather extensive 


SeTTeS 


a al 


have 
deducible by ad prior 
*“sinece we « 
ohi 


he goes on to admit that 
have no a priori knowledge of an 
tive universe such 
tute knowledge of an objective universé 
Just what they do constitute he does 1 
make clear 


Milne, in 
same position 


his defense, takes much 
as Eddington. Dingl 
eriticism of 
against his doctrine of ‘‘ kinematical r 
tivity,’’ 
quences of the assumption that the 
verse is, on the average, homogenous b 
in distribution and motion 
ing the consequences of this assumpt 
Milne endeavored to avoid any empi 
appeal and to develop the physies of 1 
the 
upon 


universe after manner of a logi 


geometry based axioms or 


definitions. In carrying out this devel 


ment Milne appears to have made 


results do not const 


which is a study of the eons 


areument.’’ But 


Milne was directed in part 


In devel | 


spa t 


a) 
} 








THE SKEPTICAL PHYSICIST 997 


mar} same discovery as Eddington. Milne When it came to the rare earths the 
le has remarks that it is an astonishing thing theory halted for a moment. dre ppe d ex 
safi to find that the elimination of empirical actly the right number of elements all 
OF his ' appeal, including all appeals to quantita into the same ce mpartment and then re 
ards tive laws of phy sics, can be carried as far sumed its measured tread. dr pping on 
uoted as it can; and that with the elimination element at each step until all were put 
the f such empirical appeals regularities jn their proper places. No wonder that 
IS I emerge which play the part of the very Whetham characterized this behav r as 
e has ws of nature which are observed to hold ‘‘satanic.’’ Yet with all this to its credit 
: good the Bohr atom, because of its failure to 
Ss! Vii P ¢ , S Tf ‘ i "e j « ies | 
Milne admits that his resulting logical meet three requirements, had to give 
y al struet ‘e av ‘;orre 0 : ‘e 4 
] icture may not correspond to nature place to a still more adaptable theory as 
any more than do the various hy pel soon as one could be found 
“a es ries that have been invented, but The theory of relativity is in a similar 
igure says that just as re ' value have 
y it just : results of value have position to-day. It has done much; it has 
er followed Trom the ve , { ¢ , 
oe } “ developm« nt of such explained one astronomical puzzle for 
epted non-realizable abstract ‘ a four 
: : . . ; oes - 1 Tour which the Newtonian law lt gravitation 
ca limensional eube. so it mav be valuable , : a 
1 , . : was inadequate ; l has predu ed wo 
anics to construct an abstract physics for its ; ; 
. : : other physical phenomena whose exis 
ele wn sake - 
aa y tence has been experimentally verified ; 
seis his is a reasonable defense. <As long ‘ 
‘ ’ . . ; ? : but when it comes to sue! a simple matter 
waits as the limits of such investigations are 


as centrifugal force, then, as Eddington 
arly recognized, and they are held 


himself says, the theory stops explaining 


s of strictly within these limits, they may be : 
: ; x phenomena and begins explaining them 
reply is valuable and stimulating as any other = ' 
. . ' y away. The theory of relativity holds its 
rreat scientific speculations. But the essence ‘ 
qeaie , Te ; ; : own to-dav only because no one has as 
ies Is of Dingle’s criticism is that this line of , 
) ‘ ; vet been able to devise a better 
But action can be carried to such excess and * The fail ea tl 
} , . » failure of a theory Tor reasons ol! 
. eal be given such a color as to deceive the Nagy | 7 | 
a? . this character need reflect no discredit 
by} very elec When those to whom we look his chara | W Had 
— 7 ‘ . > ra ts author > can Still admire a 
nst for scientific leadership can say, in effect, on = 
; ‘66 ’ ° 2 . eor hiel hi: S { ( a step in rog 
si Don’t experiment; calculate! It is ‘theory wh is marked a ste] p : 
oe ee eh has bee able to eut a litt 
: not easier, cheaper, more exciting and pro- ' “"! has been ab ging . 
, 2 a 7 2 c re close] to the ] e than ; hic 
ductive of results.’’ then science is on its M™0re ‘ y to the lin in any W h 
| the way back to the Aristotelianism of the Preceded it, even though it be soon super 
vle’s Middle Ages. seded by a better But some theoretical 
= nm one . acaarnha ) LD } sies fall } ) 
pal rhe ability of a theory to ealeulate and = Tesearefes in modern physi all i al 
. _ P . + ? re . ) | ) le, | ‘ 
rela predict phenomena is an asset of un- 4ifferent category, and tend make 
} . os » : t ttle re sk tical 
os loubted importance, but it is not enough, skeptical physicist a little m keptica 
m1 and must not be over-rated. A modern These researches are for most of us dif 
hot} nstance of this is Bohr’s theory of atomic ficult reading Perhaps this is unavoid 
lop structure. The flexibility and accuracy able, considering the nature of the sub 
I ' ' 7 : i , . : . 
tior with which the Bohr atom adjusted itself ject We of the rank and file must 
rica } to the manifold conditions required by frequently take the results of our leaders 
the periodic law of the elements were on faith; and unfortunately we some 
rics remarkable. The Bohr theory moved _ times find in those portions which we can 
rita a = . 
i wong with regular steps, dropping the understand that which seriously shakes 
act . : 
10y right element into each empty compart- our confidence in the parts that we can 
MOD . 
the ment provided by the periodic law. not follow. When, for example, Edding 
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ton® says that the mass of the sun is 1.47 
kilometers, and repeats this in the second 
‘f his book, and when Minkowski‘ 
points with pride to what he **the 
mystic formula,’’ 3x 10° km=,/-1 see, 


and when it requires no knowledge of the 


edition 


ealls 


ealeulus of tensors to see what the trouble 
is, the only conclusion possible is that the 
fundamental principles of mathematics 


not sf 
aaiita fp? 


\ al like the laws of whis 


for beginners to observe and for masters 
to disregard 
‘Space and 


formula’’ 


Minkowski’s memoir on 


Time,’’ in which this ‘‘mystie 
occurs, has long enjoyed the reputation 
of a classic. It antedates Einstein’s gen- 
ry of relativity by seven years, 
1915 
Minkowski. 
the 


cepts of the four-dimensional space-time 


eral the 


and in his paper of Einstein 
lve 


ves his debt TO 


acknow les 


Minkowski’s memoir contains con- 


continuum, of world lines and of space- 


like and which 


time-like vectors, upon 
basis has been erected a vast structure of 


relativistic cosmology. With this ‘‘mys- 


tic formula’’ staring us in the face it will 
be interesting to examine the philosoph- 
ical basis of Minkowski’s theory. 

The 


is that time in some way bears a fourth- 


{ + 


fundamental idea of the memoir 


! 


dimensional relation to our solid space. 


Now, of course, time has not the 
but if 


a velocity that defect disappears. 


dimen- 
sions of a length, we multiply it by 
Min- 
kowski multiplies the time t by the veloce- 
ity of light c, thus obtaining the length 


et, which may be used as a fourth dimen- 


sion. Unfortunately, it happens that an 
important equation resulting from this 
hypothesis is not symmetrical 
Now every mathematician has in him 
‘Report on the Relativity Theory of Gravi 
ta second ed m, 192 p. 4 


before the 
and 
Phys. 


Inglish trans 


ention of Natural Scientists 
‘ologne, 1908. 
Principle of Relativity; 
by Lorentz, Einstein, Minkows and 
Dodd, Mead and Co., 1923. 


memoirs 
Wey l, ve 
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something of the artist; an eye for sy 
metry, for beauty of results and for 

gance in the methods used in obtai 
them. 


offends the artistic 


Now an unsymmetrical equat 
sense; in additior 
is scientifically undesirable, as results 
not be obtained from it as readily as f: 
And 
brillant idea. If 
the fourth dimension ct 
unsymmetrical 


a symmetrical form. here M 


kowski had a 
multiply 
\ l the 


comes symmet rical. 


equation 
Of course this gives us a set of 


axes, three of which are real and 


imaginary, but any difficulty atta 
to this itten 
dazzling light of the brilliant results 1 
For example, refer 


detail is soon forg 


begin to appear. 
the comp 


to our new coordinates, 


Lorentz transformation appears as 
: which, 


mere rotation of the axes 


ever, involves the turning of the in 
inary axis through an imaginary a1 
Whether this makes the 


more comprehensible is 


Lorentz tra 
mation any 
question—which the artist-mathemat 
answers in the affirmative. 

V-1 


pure mathematics, where it forms a ] 


has a 


legitimate applicatior 
of various ingenious devices for handling 
otherwise intractable situations It 


also a limited value in mathemat 
physies, as in the theory of fluid mot 
but 


a mathematical device. In 


1 } s . . 
here also only as an essential cog 


these 


its work it ret 
but to 1 


mate cases, having done 


vracefully from the seene; 


an imaginary quantity a perm 


foundation stone for a physical hyp 


} 


they say in Ireland, a white |} 


SIS 1S, as 
of another color 


There . 


l as a ust 


no denying the potency 
\ ful tool. As an illustrat 


[ may point out how it helps us 


Minkowski discusses this point very br 
The complet mathematical treatment is g 
by Eddington in his ‘‘ Report on the Relat 

ry of Gravitation,’’ second editior 


page 1 4. 




















resting little theory of gravitation. 
Einstein, in discussing the resemblance 
veen inertia and gravitation, consid- 

s the ease of a revolving cireular plat- 
Suppose such a disk large enough 

ld an observer, and let it be covered 
lome so that the observer within 
not tell by direct observation of out- 
side bodies whether the disk is in motion 
Let the disk be at rest. 


ving from one place to another in his 


The observer, in 
ittle world, would notice no difference 
between one point and any other. Let 
disk be now set in rotation. The 
server, unless he stood at the center of 
lisk, would experience a force urging 
m radially outward, and the farther he 
was from the center the greater would be 
is force. He would, in fact, be living 
sort of turned-inside-out gravita- 
nal field. 

As a theory of gravitation there are 
two defects in this. The force increases 
the distance from the center; and it 
the wrong direction, outward instead 
nward. The first of these defects is 
lite easy to remedy. We may suppose 
speed of rotation of the disk to be 
ible, governed either by a mechanical 
‘e or by a watchful engineer so that 
speed will increase as the observer 
proaches the center, and will diminish 

as he nears the circumference. 
The other defect is not so easy to dis- 
se of. It is obviously useless to give 
disk a negative velocity of rotation, 


; 


as the centrifugal foree depends on the 
square of the velocity. But if we multi- 
ply the velocity not by -1 but by \/-1, 


+ 


e trick is done. 
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Everybody laughs at this: nobody 


laughs at Minkowski Yet I have d 


nothing but what Minkowsk is done. | 
have turned my disk through an imagi 
nary angle; Minkowsk | his axes 
of coord s throug mag! nary 
angle | trouble is that | ve mad 


abstr 


ise as Minkowski’s memoir it might 
have been received with equal seriousness 


Truly, as Dingle says, the criterion for 


distinguishing sense from nonsense has 
been lost; our minds are ready to tolerate 
anything, if it comes from a man of re 
pute and 1s accompanied by an array of 


symbols in Clarendon typ 


And vet we must not be t hard on 


oceasion, as 1S instanced by trad n 
of the National Bureau of Standards 
In the irly days of tl Bu 1 when 
the staff was smaller nd ere were ! 
official guides, the staff-members k 


turns in conducting parties of visitors 


through the laboratories. On one such 
occasion the visitors were shown som 
liquid air, and they asked, ‘‘ What is this 
used for?’’ In tl se days liquid air | 

not yet found any practical application, 


and was merely a scientific curiosity 


The cuide, who tradition says was one of 
the lady mie mbers f the s ff vas Tra or 


non-plussed for the moment, but quickly 
recovered her 
plied, ‘‘It is used 
root of minus one 

I sometimes think Minkowski must 


have heard that story. 















the 

The vastness and power 
the hidden 
extreme 


forests and deserts stir 


On EANS, 
minds of men. 
of the 


depths ol 


rrandeur and 
and the 
the desert appeal to the 
Yet to the 
monotonous in 1ts 
the distant 
**plains’’ 


oceal, 
the 


conditions of 


forests 
imagination. uninitiated 
grassland 1s seeming 
uniformity over wide vistas: 
the 


In past times settlers hesi 


horizons are unbroken, 
are endless 
tated before leaving the forest behind to 
enter the grasslands or ‘‘barrens’’ where 
fuel and building materials were lacking 
and the elements, especially wind and 


held full Man is not 


nally an animal of the plains but rather 


sun, sway. origi- 


a creature of the forests or, at least, of 
the 
of the grassland, acquired 
felt or 
ence, leads to appreciation of the wide 


forests. Knowledge 


the margins of 
often only 
through deeply painful experi- 
spread, the uninterrupted view and the 
fertile soil, or perhaps to despair at re- 
curring droughts and persistent, drying, 
hot or freezing winds. 

Oceans, forests and deserts deserve all 
On the other 


strangely 


the attention they receive. 


hand, grasslands have been 


slighted ; they demand greater attention 
from 
practical economies but also of evolution 
ary thought 


coneeal vast unexplored stores of scien- 


the points of view not only of 


and ecological Grasslands 


tific facts which, when brought to light, 
will enrich the fields of plant and animal 


ecology, evolution, climatology, geogra- 


Committee on Ecology of 


America of the National 
indebted for 


Prepared for the 
lands of North 
Research Council The writers are 


numerous suggestions to Dr. V. E. Shelford, 
chairman of this committee, and Dr. R. E. Coker, 
el rman of the Division of Biol ory and Agri 


ecultur National Research Council, Wasl 


ngton, 
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phy and geology. The knowledge to 












































them contribute s 
nificantly to the 


the 


gained from may 





solution ot probli 
evolution of 
the 


diverse environments, from tropical 


vrass 


concerning 


plants and animals; influences 


lands to deserts and alpine summits, 


distribution and origin of 


SDeCIES : 


results of interrelations between p 


and animals under widely varying 


vironments; the linkage of present 


graphic distributions and characterist 
of grassland species to forest, aq 


and desert and to earlier 


species 


logical species and conditions. Study 


coasts he 


the teeming life along the sea 


with the Greeks and is continued to 


in numerous marine laboratories wit! 
sults ot unquestioned significance To | 


logical science and human welfare. | 


vestigations in the generally neglect 


vrasslands may be fully as fruitfu 
contributions to the needs of our civ) 


The 


stores of 


analysis and correlation 


data 


forests and deserts, a 


tion 


ereat secured from s« 


and lakes, from 
from the grasslands are essential to 1 
formulation of sound concepts and p1 
fields of 
need for this stud 

We now 


animals 


numerous learn 


there 


ciples in 
Especially IS 


of grassland faunas use the 


lands for grazing domestic 


enormous numbers, although we hi: 


never made the requisite Sasie stud 
of the relations of native grassla 
faunas to grasses In actual fact 


have so over-utilized the grasslands t 

now, when we are compelled to face t! 
necessity of fundamental research, v 
find ourselves with practically no su 
condition for invest 


lands in original 


eations. 
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» significance of grasslands becomes 


more apparent when we learn of 


Ve 


vast extent and diverse aspects. 
t three fourths of the earth’s surface 
ered Of the 
ne fourth, some 52 million 


es, about 42 t 


with water. remaln- 


square 
cent. 1s classified 


per 


re to be as grassland, about 33 per cent. as forest 
ite sig | 25 per cent. as desert. The grass- 
roblems nds, then, have a total extent far ex- 


assland eding that of either forest or desert and 
hing half of the total land area. 
United States about 38 per cent 
1.903 


Ices | nr? 


million 
Sixteen 


total land area of 


es; tl res was originally grassland. 


plants per cent. of the total land area was tall 
ing ¢ iss, Or prairie; 14 per cent. short grass 
nt a * plains ; and 8 per cent other types of 
eristics ssland, as marsh, alpine meadow and 
aquat sert grassland. Of these great areas 
rr ve st nothing remains as it was, either 
udy floristically or faunistically, to teach us 
; bega ons of basic importance in the per 
to-ca tuation of a most valuable resource 


have been largely 
the 


that they have been mis- 


erasslands 


to bi mismanaged as to grasses 1S now 


known: 


rlecti managed as to their animal inhabitants 
fi] s just beginning to be realized 

= J. W. Bews presented a few years ago a 
ion of theory of ecological evolution of grass- 
m seas : based upon facts derived from geo 
Is. at phic distribution, from fossil botany, 


es, genera 
the 
tics of habitats of grasses. 
hasized that the theory 

lack of sufficient data. 


taxonomic characteristics of 


and species of 


grasses 


| priv 


in i Trom environmental character- 
stud) Bews em- 


» thes iS incomplete 


als The theory is 


. have 
studies 


because it 
fields to 


ertheless a valuable one 


from various 


rates facts 


ils a natural classification of grass- 
“oe is. The most primitive grasses, such 
s that s the Bamboos, are associated with 

a pical forests and forest margins. The 
- ' land YTasses of temperate regions 
: ‘slightly more advanced. More highly 
) suc eloped are the grasses found in the 
nVestl- 


i] irral type of woodland such as 1S 


nd in the vicinity of Berkeley, Calif. 
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The grasses of marsh and stream-bank 
ire closely related both floristically and 
ecologically to those of forest margins. 
and the aquat rrasses probab VY orig! 
nated from the ormer (jrasses chat 
acteristic of saline soil are connected 
with aquatics and with sand-lovin 


The latter are « nnected with 


YTrasses 


nearly all the classes mentioned, since it 
is but a short step fror rasses with 
trailing stems which root at the nodes 
as found in forest edges, to the sand 
binders with subterranea traveling 
stems 

According to Bews, fossil evidence sup 


ports the view that the primitive grasses 


were species with high moisture require 


ment, 


such as those found in tropical 


forest margins. The larger tropical and 


subtrop! a 


tensive Savannas, 


from tropical forest margins throug! 
the intermediate sta higl 
Yrass savannas I] ohel a tropica 
mountains aipine grasses developed Trom 
bunel Yrasses tie eX S ( 1 pe ruce 
erassiands, praimes and plains were 
formed by grasses that originated from 
species of temperate woodland and 
stream-bal The arid iu { ( Sel 
deserts and deserts are ¢ ely connected 
with sand and salt grasse and these are 
among the most hight ed « a 
species Ol rass Wi ! i! 
logical speak the Ss are 
of the wv l are t 

In all probab IT\ the evolul n ol 
major species Of animals was contempo 
raneous W th the evolut ! i ands 
In the well-known evolution of the horse 
there are round all stages ¢ change trom 
a sma rest animal t | ma ficent 
beast t th piains, WI nt i bye are 
one of man’s most important domest 


animals in the Old World In the mean 


time it mysteriousiv « appeared from 
the Western Hemisphere althone!l { 
reintroa tion has pl ©] ts ontinued 
adaptation to the grasslands which, fo 


































lowing the Spanish conquest, it quickly 


overspread 

No le 
the deve 
lope, coyote, buffalo wolf, jackrabbit and 
Now 


have nearly disappeared before man, the 


s significant and interesting were 


opment of the camel, bison, ante- 


many most of these 


iesser species. 
arch-destroyer, while others, such as the 
rabbit 


enormously 


] 
| 


jack and some smaller rodents, 


have increased, doubtless in 
some cases as a direct result of man’s ill 
judged activities 

The 


evolution of grasslands requires the col- 


‘ 


rounding out of this story of the 


lection and analysis of facts from many 


study centers in prairies and plains, 


marshes, meadows and savannas, and al- 


pine, arctic and tropical regions. In 
these centers detailed studies and analy- 
ses of the plant and animal populations 
their 


the environment 


and of relations to one another 


and to should be con- 
tinued over a long period of years and 
supplemented by precise studies of geo- 
graphic distribution and paleontological 
data. Grassland investigations of a quan- 
titative 


vears in 


nature, continued over many 


location, are absolutely 
the 

which to build 
that of 


principles in 


one 


essential to furnish fundamental 
facts 


evolution, 


upon theories of 


such as Bews, and 


biological concepts and 
general 
Land planning must 


short-sighted and wasteful of bio- 


remain inade- 
quate, 
logical and soil resources until there is 
much more complete knowledge of grass- 
lands and their fauna than we now pos- 
this for 


dependable facts and principles there is 


sess. In spite of rreat need 
now no provision in the United States 
for studying grasslands in a thoroughly 
basic manner over a long period of years. 
This kind of study requires setting aside 
for a long period of time tracts of ade- 
quate size for the sole purpose of acquir- 
ing thorough knowledge of grasslands; 
it requires, in addition, suitable support 
for a competent staff of investigators. 


Grasslands are widely distributed in 
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North America 


; ; 
aspen park lands ol 


They extend fro 
Alberta, Saskat 
the pr 
and plains states into southern M 
Ohio to Washington, Oregor 
The prairie lands are bi 


wan and Manitoba through 


from 
California 
in the east by deciduous forest ar 

the west by coniferous forest and desert 
Marshes border the seacoasts and la 

and sand grasslands are dotted over t} 
country. Several classifications have bee 


made of these wide-spread erassiands 


but all of them are based upon fragme: 
tary data. A 
not be completed until much addit 


natural classification 


information has been secured from int: 


sive, long-continued investigations 
tall-grass grassland or prairie, extendi: 
eastward from the 97th and 98th mer 
lans and 


originally occupying se 


eighths of Iowa, for example, is w 


in being the largest area in the vw 
of this type of fairly moist grassla: 
Leading dominants are the _ bluest 


needle-grass, dropseeds, panic grasses a 
West of the prairie and 


> 


tending to the eastern limits of the R 


wild rye. 
Mountains occur the mixed prairie 


plains, or short-grass grasslands, ¢ 


parable to the steppes of Russia it 
striction of moisture mainly to the s 
face two feet, droughts and high wi 
are inimical to tree growth, but the dor 
nant grama grasses, buffalo grass, wh 
grasses and low sedges are adapted 
The desert 
grasslands, extending from southwester 
Texas through southern New Mexico int 


these rigorous conditions. 


Arizona and Mexico, dominated by s 
eral species of grama grass, three-aw 
grass and mesquite grass, is adapted t 
aridity. Extensi 

foothills in Ca 
former 


even more severe 


areas in valleys and 


fornia and Lower California. 


dominated by bunch grasses such 
needlegrasses, June grass and wild rves 
have been replaced, following overu’r: 
ing and fire, by annual weeds such 
wild oats, ripgut, foxtail chess and w 


barleys. The productiveness of the Pa 
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louse wheat lands IS clue argely to 


the buneherasses, ineludine bluebunech 


ass anal sheep fescue, the dom 
in the Palouse prairie which for 
merly occupied an extensive area in 
eastern Washington and Oregon, north 


ern Utah and southern Idaho. 


Little effort has been made to use 
rrasslands in their orremal condition 
Aided by the ‘Westward Ilo’” move 
pe \ 1) the expansion i mower tarn 
rrigeecchipnne and the demanad cadurine the 

| i} } nore en There has been 
scramble, at times a frenzy, to ** break 


Wi st ane 





IFIC 


Au vy 


mediate and msistent r 
the land back into erass rut 
no easv matte Nature require 
sands 0 vears oO produce thes 
Which, as the xisted before bi 
and consequent erosion were 
of countless mteraction rt p 
mals anda lati and so 
The best that nl bye (| 

to adjust hun erations 
processes and rt S 
will aid the istenn 

much more IS necessa } 
e witli | nment } 
fernat ‘ st ¢ hie 


S IN NOR 


Ae 


MONTHLY 


ANT-ANIMAL 


COLO 


} 


; 








~ 











f 


IMMUNI 

















NEED FOR RESEARCH ON GRASSLANDS By 





drawing burt ne, overeraz STOO Det ! ss I 
Ile has learned that to avo i ~ ~ t! 
Ss muel ana mitist he restored ost rs ePTtabtle } ~ 
| . ] | 
~. lle may have learned ais STLLCLICS ! . 
{ just hi the } ‘ 
IS ( s 1hise TO ( leeds ved ~ 
. rassianads ana rassial ! ‘ \ - 
~ ~ el rass r he 
} } ~ 
Ss iit) iat \ ith 1 1 1cL JUS stead \ 
eT! nat the Kl Ws SS bes ! 
| 4 ; < +, " } 
ly Mos 
‘ } | | 
~ | t Me reise T) 1) ~ ~ ~ 
} } ‘ i 
‘ Swi rh ate cle ! . 
. s: WI Is the Wes 
tis I i WI ss N\ \ \ 
“I ~ 1 1] hie | | ~ 
esi! ible ! }) i ‘ ~ 
| ly nur 
j «tes j eoST ~ ) ! we 
_ ) ! s ad adestructive 1ri1? iis 
te Klimination of certan 
— Te) pote ( pu } 
} j sife DASIS ¢ cnoWT rox 
! vy be ms Te ippea t} il ; 1} | 
. es proper manavement ‘ " 
c(t SuThiee mr the eont ( st Se ~ 
‘ object onabls } Xx 
ers. Usua Spas . 
stun Has bee! ! < 
enta ODLCS ~ hen ry} 
ross S tT! quant j stit 
' 
. } ar ie ii] i} ~ 
] ] sf is 
; 
i ill Ss 
i DOsIT | ‘ 
i " x | 
i] x X “ 
his ~ 
~ | ‘ 


I = 

s. This is tl 
~f S vl 

~ ~ hy 
siste | Se 





































“ SCLENTIFIC MONTHLY 










} 


/’j fn Hlervrhbert ¢ ji 
POCKET GOPHER MOUNDS FURNISHING BARE AREAS FOR INVASION 








OF WESTERN WHEATGRASS 
I ETERO‘ yY OF P EG rio S INCREASED ) Hi MO OR] EDED O 
oO ) 
tions conducted by the Carneeie lustitu tion of knowledge not OnLVY nay al 
tion of Washineton tndicate the kinds of mouse superstructure of screntit 





research needed for the grasslands. They use be erected, but also scrence and 
attack fundamental problems concerning zation mm general may be advat ced 
the nature of the desert The Desert Notwithstanding that durme the 
Laboratory at Tueson, Arizona, is devoted thirty-five or forty Vears a great 
primarily to this task; the view-pomt is study has been given to mat 
wide and inclusive; the desert is consid phases of this complex subjeet b 
eredl in its widest relations to the environ petent and painstakil esl 
ment Intensive us We “us extensive widely scattered regions of vreat ¢ 
studies have been under wa or a num lomical variety, the surface of the s 
ber of vears These basic stuches are is a Whole can scarcely be said t 
leading to a more complete nowledge of been more than scratched Mores 
the desert fauna and flora and physica would seem that. if the ork 
environment, and the knowledge gained of different investigators could be 
serves wit! ncereasme va eausa reservol ated, integrated and fitted nto 
Of tacts and principles wr the solution mon pattern covering a field 

ol p> rene tical problems Tl \ are demon desirable proportiol ‘ cl thie 
strating that the most practical kind of | able results would be attained tha 
Investigation is fundamental research be possibly be secured fron solate 
eause it discloses basie facts upon which vidual efforts however compete 
vreneralizations and principles mas be painstaki y they ras he 

built. Upon this wide and deep founda Such a thought as this oecurred 
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Texas, June, 1933; North Dakota, . 
1935; Nebraska, June, 1937) and 








addition, has exchanged ideas ar 
ated pru pies cont | . nv ‘ 
spondel As result of thes Del 
TIOTIS ni ‘ fhe s ness Of The 
idea of cooperative ordimmated res 
has be ne strongel ntl ! s i 
the com embers 
\s ‘ sirabts phases Ihe posed 
sStTUCLY a ecent report Tie mil ‘ 
suveests the owing. wl } t tye 
to embo i el } I iit re bot! 
screntil ( dd otf practical app 
bility Reasons for each sub st 
recommends e briefly stat 
GRASSHOPPERS ATTACHED ro ey 
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rTROLLED DISEASE MEE ma | reeee 
ISEASI EMPUSAE GRYLLI CCOM The 1 berad paragraphs wer prepared tf 
y 100 KILL OF ¢ SSHOPPERS I ] " ring ; ng 1) ' 
‘ EAS WHI I Y \ sol a lv t | Il, ¥ 
D OPP ALW S ¢ ’ TO . 1) | \ 
OF I BEFOR I G OVERCOME 1} ‘ N ! Research ¢ W tor 
| | Y REMAINED ! Cl ) » f 
| 0 » 7 “ ‘ AGI ; 


An ivo to certain members of the Eco 
fie Society of America. It appeared 
dl also that the ereat e@rasslands of 
| America, stretching from Sas 


ait an to the qiult ol Mexico. would 


(it I Haris favorable for coordinated 
or ft \ccordingly a Committee for the 
A > t the Keolows of Grasslands was 
it shed by the societs at the Cleveland 


n 1929 and assiened the task of 
avs and means of effecting such 
anization as would make possible 


ial realization of the idea 


i rh the work of this committee the 
il Research Council became inter 


vo vears later and since then the 





it ttee has been sponsored in its 

e ors by both the Ecological Society 

al the National Research Counel 

the competent and vigorous leade a olde 
ut Dr. V. E. Shelford, who has done GRASS IS MUCH REDUCED; SAGEBRUSH 


vious amount of personal work HAS INVADED 
mittee has held a meeting at every | 
ment Ecological Society meeting; 


held three regional meetings VYOM 
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THE MOUNT EVANS LABORATORY 


l highest 


ble mountain ak in the 


”) There are living ace 
the Mt. Evans high . 
10.600. 8.000 and 6.000 feet 


>) Mt. Evans is located 
where scientific apparatus 
mila be secured } It is 
two universities, whose staff 


experimental 


from Denver 


nuton obi e 


0 
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tial eradient is hiel enough to produce equipment A 900-watt, 60 
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esting work on particle tracks in photo demand for such additional 


graphic emulsions which was begun be exists. The present laboratory is 


hore the laboratory Was eoln yleted able at the small cost of operatn 
; | 


Emulsions which permanently record the —penses to qualified workers 


tracks of ionizing particles were exposed — meteorology, astrophysics 


for six weeks in the laboratory other sciences who wish 
periments at tl Is a titude 


“or the LOB8S8 seaso Ww Sno’ 
PURPOSE AND AVAILABILITY For the 1 a, 
7 are normal, the ros 
Though the beginning Is a very modest iy) open about Jr 
one, it is hoped that this laboratory may until late Septen 


erow to serve the United States as well as 


the Jungfrau laboratory serves Europe 


lo that end the physical plant will be 


enlarged and improved as the demand is. cleared 


warrants With this in view, Mr. Burn platine w 


ham Hlovt has prepared very interesting make arr 


plans for a more adequate laboratory 1 Professor 


and when there are wlications that ; itv of De 
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MAN’S ANCES 


By Dr. HERVEY W. SH 


SSOR OF PALEONTOLOGY IN THE MASSACHUSI 
AMERICAN ACADEMY OF 


Waat is the region and what the en- 
ronment in which man became differ- 


ntiated from other animals and became 


? In other words, what is his ances- 


mn 


ral home? 


In searching for the answer to this 


estion, we are led to the consideration 
f when the human stock arose, and from 
what 


remote ancestor. It is generally 


eld to-day that man and the living an- 
ropoid apes are very closely akin, and 


it they have probably arisen from a 
mmon ancestral stock. Every bone of 
skeleton of man, nearly all his mus- 
and the 
ngement of the viscera, the placenta, 
| many other characters, are funda- 
ntally identical with those of the living 


S, blood vessels, ar- 


nerves 


Human ontogeny, moreover, indicates 
relationship. During the early 
stage (fifth to sixth week of em- 


bryonie life) the bodily proportions of 


n and the higher apes are very similar. 
m this time to maturity they diverge. 

the early foetal stage of both groups, 

e arms are much longer than the legs; 
the adult apes this condition in general 
retained, while in man the legs lengthen 
itly in proportion to the arms. The 

becomes higher and nar- 

wer from the early foetus to the adult; 
the adult ape it remains near the foetal 
From a similar condition of 
imb and hand, the apes have developed 
hand into a hook-like grasping organ, 

a degeneration of the thumb, while 

in has retained the broad hand and has 


} 


eloped the thumb into a tool-making 


iman nose 


ndition. 


nstrument. 


It is thus seen that while man and the 
ng anthropoid apes have probably 
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descended from some common ancestor, 
man could not have evolved from any of 
Each line has become too 
the hand 


and thumb, 


the living apes. 
In 
fingers 


specialized with 
hook-like 


apes have passed beyond the more 


narrow 
reduced 
gen 
eralized hand which they possess during 
their embryonic development and which 
It is, 


h apes 


man earries on into adult growth 
accordingly, not in the habitat whic 
the 


the 


find congenial that we should look for 


environment which would promote 


evolution of early man. 
How long ago did this divergence take 
The of 


ancestral stock into anthropoid apes and 


place ? divergence a common 


man must have begun at a time suffi 
ciently to of the 
changes which now distinguish the adults 
of the The 


years time 


remote permit vast 


two few thousand 
of 
slight changes in man’s body. 
human of mid-glacial 
500,000 ago, differed 


greatly from modern 


groups. 


historic have witnessed 
Even the 
being times, 


years not 


. 


very 


man, mainly in 


skull and lower jaw and less erect pos- 
ture. Man of even early Glacial time, 
a million years ago, had diverged vastly 
from the ancestral anthropoid st 
indicated in 
and apes 
tive length of arms and legs, the shape 
and size of hands, fingers, feet and toes, 


ock. as 
1 the ontogeny of both man 


a divergence seen in the rela- 


the change in height of forehead, length 
of face, length of nose, the uprightness of 
the body, the curvature of the backbone 
This great length of time since our com- 
mon ancestor lived his life in the environ- 
ment we are trying to picture is indicated 
likewise in the changes that living anthro 
poid apes have developed from the ances- 
tral stock. 








The extinct anthropoid ape that most 
satisfactorily combines the characters of 
apes and man which we consider this com- 
mon ancestor to have possessed is Dryo- 
pithecus. He was a tree-dwelling anthro- 
poid, as large as a chimpanzee. The 
canine teeth forecast the human in their 
relatively small size, not fang-like as in 
the adult modern ape, but more like the 
teeth of the young ape or of adult man. 
This genus is known from the Miocene 
and Pliocene of Europe and Asia. Some 
species are closer to man and some are 
closer to the chimpanzee and the gorilla. 
The molar teeth, which are so often the 
paleontologist’s chief dependence in trac- 
ing relationships among the vertebrates, 
show certain arrangements of cusps and 
grooves on their grinding surface. The 
pattern of these in Dryopithecus is least 
modified in the Upper Pliocene man of 
Piltdown. It is retained in the youths 
of the later Pleistocene races but becomes 
obscured in maturity. The living adult 
apes, on the other hand, have retained the 
pattern with divers slight modifications, 
while adult modern man has departed 
from it most widely. 

From these and other considerations, 
it seems that Dryopithecus, most closely 
of all fossil apes so far found, embodies 
our ideas of the remote common ancestor 
of both apes and man, which means that 
it is back to some region as it was during 
the Miocene, some twenty million years 
ago, that we look for man’s ancestral 
home. 

Our search is conditioned by the sort 
of environment which as a stimulus act- 
ing on innate organic changes, would 
initiate, or at least promote, the diver- 
gence between apes and man. Constant 
though slow variation is characteristic of 
all life. In certain groups, however, 
change is more rapid than in others. 
Whatever the causes of these changes. 
whether internal or external, there is lit- 
tle doubt that the environment acts as a 


pruning 
uals and 


250 THE SCIENTIFIC MONTHLY 


knife, eutting off those ir 
species least adapted to it 


If man is descended from the 


dwelling Dryopithecoid or nearly 


stock of 


is, what 


large anthropoids, the p1 
sort of environment would 


mote the divergence of this stock int 


present 


dwelling man. A very strong impet 


and am 
have opt 
of the e 
the untr 
ground. 
change | 


tree-dwelling apes and gi 


ost efficient selective factor n 

rated to force the man li: 

ymparative safety of the 

ied vicissitudes of life on th: 
Even to-day man _ does 
iis habits except under com 


sion. The only cause which investigat 


at present consider of sufficient for 


have bri 


uught about this change in |} 


y 


is the slow, gradual transformation of 


large wi 


de-spreading forests of a hun 


revion into the almost treeless condit 


of a sen 
which e 


li-arid region. The individ 
uuld survive under such s 


changing climatie conditions would 


those which developed in the directior 


becoming ground runners, first to g 


grove to 
the trees 
A ten¢ 


grove, and as a next step, t 
only as places of refuge. 
lency to increase in size is n 


fested in most families of animals 


lines of 
elephant 


Man’s own line, the Primates, began wi! 


animals 
has reac 
dwelling 
gorilla. 

ever, to 
enemies ( 


the horse, camel, rhinoceros 
began with very small anin 


about the size of small rats, a 


hed to-day the size of gr 

man and the  semi-arbor 
A sufficient increase in size, | 
leave man less at the mercy 
yn the ground would, on the 


hand, prevent him from leaping f1 


through 


the trees. Hence he would 1 


to live to an increasing extent upon 


erround. 
The gr 
in the ea 
them a 
looking 
ground 


eat development of the foret 


rly anthropoids had forced uy 

semi-erect attitude for forw 
Hence in living upon 

they would become more 


y 


y 





rrot 
irbo 
ze, | 
ercy 


1e other 
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Long legs are an advantage 
the 


. erect 
running animal, as is seen in 

n of the horse, the deer and the 
Animals which developed longer 

ther things being equal, would sur- 

» longer and thus have a greater num- 

f offspring. Hence in succeeding 
erations of human beings life on the 
ind would promote an increase in the 
proportional length of the legs. That the 
ancestors of present-day man developed 
running ability rather late in the geologic 
time is shown by the fact that in man the 
increased length of leg over arm takes 
place after birth, for at the of a 
month the human baby has leg and arm 


age 


f equal length. 

In the foot, too, though dissection of 
he muscles shows that the foot of chim- 
panzee and gorilla is operated by muscles 
which correspond to those in the human 

‘t, yet the human foot has been modi- 
long of running on the 

und, so the great toe is longer, the 
iter four toes have become shorter, and 
| are drawn inwards towards a median 
A tendency towards increased 
ngth of one or two toes and the reduc- 
tion of the others is seen in all running 
animals; note the ostrich, horse and deer. 
The anthropoids, which continued living 
in trees, on the other hand, have retained 
the spreading toes, with the great toe 
projecting like a thumb. 

Life upon the ground, with an increas- 
ing uprightness of body, would induce a 
hange in the profile of the backbone, and 
likewise tend to develop a more flexible 
and For the hand, 
freed from use in walking, could be 
utilized in lifting objects up to the face 
and turning them about for examination. 

se individuals in which the cerebrum 


enlarging most rapidly could take 


st advantage of such examinations and 

most prepared to survive in this new 
habitat on the ground, this habitat that 
would demand quick thought and rapid 
decision. 


ied by ages 


ypposable thumb. 
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Just as it has been shown that a region 
undergoing the 
theater for the evolution of cur- 


increasing aridity was 
such a 
sorial animal as the horse, so this running 
ability of man points to a region of in 
probable theater 
What of 
the region and time of this change from 


to Where 


creasing aridity as the 
for early human experiments. 
ancestral anthropoid man? 
was man’s ancestral home? 

We naturally look for to 
three lines of evidence. First upon what 
and 
times did the ancestral stock live? 


an answer 


} 
vreoliogic 


See- 


continents during what 
ond, where have the earliest remains of 
man found? Third, 
these continents and at the requisite time 


been where, upon 
in earth history, is there evidence of a 
change from a forested to an almost tree- 
less condition, and in a region sufficiently 
extended to provide space for all the 
interactions taking part in such an evo- 
lution ? 

First, 


ancestors 


to where man’s 


lived 


as and when 


or rather those lines 
that are supposed to have been ancestors. 
Dryopithecus, belonging to such an an- 
cestral stock, or at least 1 
close relationship, has been found only in 
the Miocene and Pliocene of Europe and 
Asia. The fossil skull from South Africa, 
known as the Taungs infant, is also perti- 
nent to this query. This skull has some 
characters which relate it to man, but 
more relating it to the chimpanzee-gorilla 
line. It is difficult to evaluate the skull 
of an infant in terms of an adult, since 
an infant possesses ancestral characters 


represent ing a 


which it loses during its growth to 
turity. This skull, h 
wards a common 
man. 
described the associated fauna, is Lower 


ma- 


owever, points to- 


ancestor of apes and 


Its age, as given by Broom, who 


Pliocene, though Dart and Keith consider 
it as Miocene. 

Thus fossil evidence of the common an- 
eestor of man and the apes has been found 
in Europe, Asia and Africa, and 
during the Miocene and Pliocene. 


lived 








A) 


awe 





As to our second the earliest 
remains of man himself have so far been 
found only in Europe and Asia. These 
oldest skeletal remains are: Eoanthropus 
(the Piltdown man) from the late Plio- 


*leistocene of southeast- 


query, 


cene or earliest 
ern England ; Sinanthropus (Pekin man) 
Peiping, 
man ) 


from early Pleistocene near 
China; Pithecanthropus (Trinil 


from the early Pleistocene of Java, and 


Paleanthropus (Heidelberg man) from 
the mid Pleistocene of southwest Ger- 
many. These four extinct genera of 


primitive man occur on the periphery of 
the Euro-Asiatie land mass. 

Now Matthew has shown that the most 
primitive members of a group of animals 
are those that found farthest re- 
moved from the center of the evolution of 
that group. For a center of dispersal 
is the place where evolution is at a maxi- 
Those individuals that can not 
compete here are forced away from the 
optimum habitat and try to adapt them- 
selves to less than optimum conditions. 
If this original for ex- 
ample, too arid for an optimum habitat, 


are 


mum. 


center became, 
other centers of dispersal would develop 


in other regions of more favorable eli- 
mate and food supply for that particular 
group of animals in their particular stage 
Applying Matthew’s gen- 


eenter of 


of evolution. 
eralization to the dispersal 
earliest known man would place it some- 
where in central Asia. 

North and South 
omitted from our consideration, since no 
fossil anthropoids have been found on 
either continent and their more distant 
relatives, the New World monkeys, that 
are found here, are built on a different 
plan, which shows that they are an earlier 
offshoot from the Primate stem. All 
fossil human remains that been 
found in the Americas belong to the stage 
of living man, Homo sapiens. 

The man, that is, 
growth from the foetal stage to adult- 


America may be 


have 


ontogeny of his 
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hood, indicates an ancestral change from 
an arboreal habitat to life on the ground 
So our third line of inquiry is concerned 
with the search for a locality where man 
the stimulus to 
from an arboreal to a ground habitat 
Probably the only compulsion of suff 
cient strength to bring this about would 
from humid 


change wou 


would receive change 


be a change in climate 
semi-arid. And 


probably have been due to the rise of 


such a 


mountain chain across the course of th 
moisture-bearing winds. What reg 
in the Old World fit such an hypothesis 
changing climatic conditions in mid t 
later Tertiary times? 

Europe may be rejected as a poss 
bility. This continent receives its prin 
cipal rain from the Atlant 
Ocean, and since no mountain chain ex 
tending in a north-south direction was 
upheaved in western Europe during n 


supply 


or late Tertiary, its climate has remain 
rather stable. 

In Africa the problem is more comp 
eated. There are no mountain chains 
mid Tertiary or later origin to cut 
moisture-bearing winds, but during th 
later Tertiary the continent was elevated 
and this tended to reduce the number 
At present 
however, it seems doubtful if there is suf 
ficient evidence to include any part 


Africa among the candidates for man’s 


trees in certain inland areas. 


ancestral home. 
It is in Asia that 
exemplified the required climatic cond 


1 


we find most fu 


tions occurring at the right geologic tim 
to fit the fossil evidence. At the close 

the Oligocene the Himalayan mountains 
had their first period of folding and e! 
vation. The Siwalik geosyncline, formed 
at their southern margin and filled wit 
Miocene and Pliocene sediments, gives 
evidence, in the uniformly coarse sed 
ment from bottom to top, of the continued 
rise of the Himalayas during this time 


After the Pliocene these Siwalik sed 
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16,000 feet thick, were folded, 

forming the Salt Range, accompanied by 

rther elevation of the Himalayas and 

he formation of the Indo-Gangetiec geo- 
syncline along their southern margin. 

It is thus seen that the Himalayan 

ranges, beginning to rise at the close of 


n ? ~ 


the Oligocene, continued to be uplifted 

intervals during the Miocene and Plio- 
eene and Pleistocene times. The rising 
f tl trending mountains 
tended to shut out more and more ¢com- 


nese east-west 


pletely from their northern side the mon- 
soon rains from the south, practically the 
nly source of moisture in this region. 
During the Oligocene, the Tibetan and 
adjoining regions to the east and west, 
and north probably to parallel 50 
ipparently low lying, well watered and 
Coal beds of this age 
contain 


, were 


heavily forested. 


in Manchuria such deciduous 
trees as Populus, Carpinus, Alnus, Dryo- 
phyllum and Fagus, and such conifers 
These 


rests probably covered all central Asia, 


as Sequoia and Glyptostrobus. 


with the incoming of some warmer tem- 
perate trees in southern areas, such as 
Tibet; but no plant fossils have as yet 
been found in the southern part of this 
area. The region was apparently well 
drained; that it was forested is shown 
yy the presence of such mammals as the 

ssal rhinoceros Baluchitherium, as 

This animal could 
not have crossed deserts or high moun- 
tains, yet its remains are found from 
Baluchistan through Russian Turkestan, 


large as an elephant. 


Mongolia and Ordos in central China. 
We find here, then, in southern Asia all 
the postulated requisite conditions for the 
evolution of man from a generalized an- 
thropoid of a type very similar to Dryo- 
pithecus. Moreover, this genus has been 
found in this area in the Siwalik sediment 
f Miocene age. 
If southern Asia was man’s ancestral 
home, we may conceive members of the 
Dryopitheeoid or nearly related stock as 
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occupying the region from southern India 


north to beyond Tibet. From this terri- 
tory they migrated to some 
extent north or south with the seasons, 
thus 


more virile temperate tribes and the less 


probably 


facilitating mixture between the 
progressive tropical tribes. 

Man, like any other animal, develops 
most rapidly where he must use all his 
faculties, physical and mental, to survive 
If the temperature is so low or the food 
so limited in quantity and variety that 
the physical body must use all its energy 
to maintain itself, no energy remains for 
When, on the other 
hand, the temperature is high and the 


mental development. 


food plentiful, there is only slight com- 


pulsion for either physical or mental 
Hence it is to a 


climate that we must look for the scene of 


activity. temperate 

man’s evolution 
We may, then 

ancestral home at the close of the Oligo 


cene some twenty to thirty million years 


postulate man in his 


ago, unconsciously affected by the begin 
ning of the elevation of the Himalayas 
The winds from the Indian Ocean, bear 
ing moisture to the forests of his home 
land, were, during the successive ages, 
increasingly intercepted by this rising 
land mass, and less and less of the mois 
ture reached the northern slopes. The 
water table e nsequently sank and the 
forests slowly disappeared 

During this long time many changes 
would be taking place in the 


ancestra 
anthropoid stock; for the Primate order, 
to which man belongs, is like the ungulate 
and carnivore orders in being subject 
to rapid evolution throughout Cenozoic 
time. Those individuals which developed 
characters which were advantageous in a 
region of decreasing forest cover and 
numerous ground-living enemies would 
survive more frequently than those less 
That is, 


tinuous forested 


favored as the formerly con 


areas became divided 


into separate groves, 


these anthropoid 
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ancestors of man, caught to the north of 
the mountain barrier, would be forced to 
run from one grove to another in the 
search for food, and thus be forced out 
of the comparative safety of the trees. 
As the groves became smaller and more 
distant from each other a rapid elimina- 
tion of the slower-witted and less agile 
members must have taken place. Those 
with longer legs and larger brains would 
survive most frequently. The curve of 
evolution would, accordingly, be in the 
direction of brain and speed 

In our search for man’s ancestral home, 
we are left with much uncertainty and 


many unanswered questions. The strata 


of south central Asia are a vast and 
largely unexplored treasure chest. It 


may well be that from them future in- 
vestigators may learn if it was assuredly 


there that the human stock arose, ar 
so, in what environment of plants 
animals the first men lived their liy 
And so as we look back down tl! 
mendously long and poorly lighted 
nue of years, it must be largely wit 
eyes of the imagination that we see 


half-human ancestor of ours. Insti) 


and vague gropings and hungers 
within, meeting the menaces and 
lenges of the environment without, w 
keep the slow brain active. The s 
for food and the avoidance of carniv 


enemies would put an increasingly \ 


able premium on larger brains, 
legs and better hands. Safety dep 


on being an animated question mar 


Since asking questions is still a 


characteristic, it is still as a question t 


I leave this subject of man’s early h 


i 


1 
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mats EXPLORING A REALLY “NEW” WORLD 
thin tre By ERNEST INGERSOLL 

ited NEW YORK, N. Y. 

with the 

See this Tus essay seeks to show how America and flatten a chosen log, at least on top, 
Instinets first became explored and gradually oe- and so be able not only to sit on it se 
ers iron d by immigrants from Asia, who curely, and move it as they pleased by 
nd ¢ ame across Bering Sea and then spread means a pole or a leafy branch or a 
it, would southward; it is based on undisputed piece of bark, but also could carry som: 
~~ ae | ts, reviewed in the light of imagina- thing with them. Such a_ deck-load 
nivorous tion. Initially, however, boats similar to would be less likely to fall off were the 
ly \ se made by modern Eskimos (frames top of the log somewhat hollowed; this 
5, longer wood or whalebone covered with sewn done, the first step has been taken toward 
lepended skins of walrus or seal) brought the the one-piece canoe, naturally named a 
nh mark est comers to the shores of this con- ‘‘dugout.’’ 


1 human 


it and were used as long as men re- 


tion that 1ined within the Arctie Cirele, where 

I : ; 

ly home e the hides of those animals were 
tainable. Southward of that region, 


» only boat possible to the means and 
ty of these visitors was one shaped of 

d. Unless they could provide them- 

s with this means of transportation 

is they moved along, the primary explor- 
n and possession of a totally unknown 
vacant continent, furrowed by rivers, 


virtually impossible ; inasmuch as the 
azing project of these immigrants was 
mplished aid, the 
oe has become enshrined in the history 
There- 
t is worth a moment’s attention. 
earliest human beings imaginable 
been with rivers 
| other bodies of water, and have ven- 
d to enter them and make more or less 
intary efforts to swim. When im- 
d by sudden floods or other mishaps 
ey would try to save themselves by 


by its wooden 


human life on this continent. 


he 


must have associated 


sizing drifting logs or lesser bits of 
do A 

th might thus mount a floating log 
Band, by paddling with hands and feet, 
| nage to guide it; but round logs are 
’ <y, while flat pieces are safer. When 
proto-humans had acquire] the 
ins of doing this they would next trim 


constantly sO 


d. Animals 


PSA 


<n irlbatl 


me 


a 





Ors 
~ 
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A dugout, then, is a sound tree trunk 


ther 


or log hollowed into a trough and 
wise shaped into usefulness as a boat 


The form may vary as the purpose, mate 


rials and adaptive skill of makers differ, 
but the type is fixed, all over the world, 


by the very nature of its structure and 


conditions and character of usefulness 


Undoubtedly it, or at least the art and 


method of making it, was brought by the 
first human persons to set n this 
eontinent—men who came across the 
Bering Sea from the northeastern ex 
tremity of Siberia. Indexed by its high 


est examples in workmanship and in fit 
ness for local requirements, the duaout 
may he the pe fey ted 


product of human thought as an instru 


considered one 


ment of service 
This momentous event may be roughly 


At 


tion which 


placed at twelve thousand years ago 


that time the stupendous glacia 


had buried much of the northern hemi 
sphere had melted sufficiently to release 
eastern Siberia, and also the western half 
of the area of the United States of Amer 
ica, from its deadly grasp. Thanks to the 


warming influence of the Japanese cur 


rent probably both shores of the North 
Pacific were soonest freed of ice—at any 
rate, vegetation and animal life could 





256 THE SCIENTIFIC MONTHLY 


occupy them. Long before that time _ bring into existence a new class of n 
southern and eastern Asia appears to kind—the American Indians. 
have become populated ; gradually south- These ancestral immigrants, alt! 
ern Siberia was overspread by humanity; perhaps as poor specimens of Asiaties 
and at last men had spread, perhaps by could be found, were not wild sa 
force rather than device, even to the cold ‘‘ecave men’’ of the Paleolithic 
and desolate seashore of Kamchatka They were well in advance of 
where they were compelled to subsist they had attained to some skill wit! 
almost wholly on fish and marine animals an acquaintance with certain domes 
and birds. Pushing, or pushed, on north- animals and the rudiments of ag: 
ward they finally reached the Arctic coast ture, and their descendants never 
and wandered out upon East Cape, from much higher until Europeans supp 
whose hills distant land could be seen them with, and taught them the uses 
beyond the icy or tempestuous waters of iron and horses. Theretofore articl 
what we now call Bering Strait. implements of stone and bone, sea 
No place as a home could be worse than wood and leather fulfilled the n 


where these forlorn men and women ical requirements of their simpl 


were; was it not possible, they must have Awakened by what in their b 
asked each other, that the mistily notched had already been accomplished, 
horizon, possibly islands, held better con- hardy exiles set themselves to lear 
ditions for human existence? One may remained of possible betterment 
feel certain that soon certain energetic almost barren tundra furnished 
souls among these brown-skinned Mon- some food and caribou and bird s 
golians—if so they were (?)—led by for clothing, but otherwise held ni 


curiosity and hope, crossed the strait in attraction nor promise. Hopefu 
skin boats, or by foot on winter ice, and ploration continued southward, afoot 
landed where there were plains like those by boat and dog-sledge. The 
they had left—or better. Returning, searching scouts reported little 
they told of herds of seals and walruses helpful or harmful, and had alw 
easily accessible, of game plentiful and answer ‘‘No’’ to the eager question, 
incredibly tame, of marvelous flocks of you see any men?’’ Who ean est 
birds and annual supplies of eggs in- how many years or centuries e! 
exhaustible; of new and plentiful fishes before discovery was halted by the Y 
and whal Other scouts followed, went River, miles wide so near its n 
farther and farther southward along the Many generations before this the or 
coast, and came back with a report that landing-place at the tip of Seward 


made previous advantages seem small insula had been abandoned, and m 
rivers crowded with salmon! That, more the enlarging population had n 
than anything else, established the at- southward and now were gathered b 
tractiveness of the new land. Well did Yukon, and were building huts and 
the Siberians know this precious food- ing-stands. The banks were lined 


fish, and the knowledge that it abounded drifted logs, from which big canoes 
there encouraged the most timid to seek be carved, and in them, in the cours 
a home on the opposite shore, so that in time, young men ascended the river 
a relatively short time a colony or village they sighted ranges of dreaded n 
men, women, dogs and gear—was estab tains, then turned back to make re} 
lished on the blank beaches of Alaska. and to advise their friends against 
Such was the planting of the seed that movement in that direction. No sig 
was to populate the New World and_ sound of any human being had dist 
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solitude of the valley or relieved the 
eless loneliness of the dreary coast. 
we-struck grayheads declared the coun- 
must be bewitched; young men and 
men retorted, ‘‘At any rate it is 
’ and determined to follow the sun 
vard the south 
Let us suppose these Neoliths stayed 
ir the Yukon until they had doubled 
trebled their 
fting southward 


numbers, yet, if so, a 


must have soon be- 
This was inevitable, for food was 
iinable there for only a limited con- 
ation of people, and the only path 

lay between the mountains and the 
That 

ever pressed forward by its own weight, 
even though it left behind it a thin string 


moving became a migration, 


ny settlements 
What a that 
ry, unguided, stumbling, halting, going 
Did hope 
ve when they came to the forests of 
Alaska, or were they dismayed 
they had 


trees, 


progress was—com pul 


none knew whither or why! 


thern 
before 


what never seen 


amid whose shadows 
rked dangers real and imaginary, chill- 
ng the heart of the boldest of men. On 
other hand, think of the excitement, 
joy, of the succession of new scenes 

that 


No possible information was acces- 


isses of 


experiences were constantly 


to them save through their senses 
Nobody was here or ever had been to tell 
them what lay even a day ahead, or leave 
Their 

refathers had never seen two trees to 


he slightest record for cuidance. 
ther; and who were these forefathers? 
had forgotten hundreds of years 
ore—stories of mythical happenings 
and hero-tales of mixed men and animals 
ule impossible traditions. Yet we must 
lieve that 
new and grew year by year as they 


their minds were awakened 


struggled to advance through difficulties, 
rigors and fears almost inconceivable, as 
they erept along the hundreds of miles 

Alaskan seacoast. Minds were stimu 


ted, bodies strengthened, and only the 


A REALLY “NEW” WORLD 


‘*fittest’’ survived: but none could have 


gotten throug! 


had it not been f 
dugouts ! 

At last, no one knows whe these 
pleas 


ind 
olumbian 


migrants were safely cruising, or 
antly marching, along the warm ‘‘in! 
beside ne y il + 


+) . 7. ittla 


passages 


coast. Even so the 
change in geography or resources as they 
advanced, lured by the softening climate 
and the habit of 


hope was fading 


pressing forward; but 
Countless generations 
held as in a vise be 
and Impreg 


Would the gods 


had lived and died, 


tween an inexorable ocean 


nable mountains ever 


free them from this narrow 


Such an expectation seemed vain 


nness 


Then with almost startling sudd 
the mountains stepped back, and a wide 


beautiful space opened before their weary 


and 


shining « ansé 


eyes and feet—the 


cently ores of ug Sound 


sloping sl 


‘ 


Here was warmth and rest, abundance of 


food 


companionship 


and comfort, every benefit except 


No human ery answered 
' flame or signal 


their hail, no glare of 


smoke aroused response, no 
Here must 


accumulated the first ¢ 


tested invasion 


page of mare 


ing 
migrant bands: and 
that 


a persistent 


here a village si 
nursery and 
the Amerivan ra 


sand years later labeled ‘‘ Indians.’’ 


tribution of 


formidable continental orew 
margins of the Sound, 

their ilk two or three 
rising from a nea 
rrowth A 

Was an open. or 
Plains, and 

of the settl 

tain that a 


was gradua 


and stone hatchets, and thi 


drifted 


enormous logs of 
began to be carve 
gvracerul 


big and 








958 
ward known as ‘‘Chinooks,’’ that became 
the pride of the Northwest 

While thi 
their residents grew in size and impor- 
migrants 


s assemblage of lodges and 


continual arrivals of 


north made it, 


tance, 
from the 
ined, into a nursery of a new race. 


as I have imag- 
This 
race was still in its Stone-Age childhood, 
had for its 
immediate 


intelligence sufficient 


but 1 
and improvable as 
t to magnify 
lithic ‘‘children,’’ but their 
the League of the 


the astonishing strue- 


necessity, 
stimuli appeared. I try n 
these Ne 
descendants formed 
Iroquois, erected 
tures and philosophy of the prehistoric 
Mexicans and bred the dynasty of the 
Ineas of civilized Peru. Those were the 
products of self-developed brainwork. 
Meanwhile, the inbred, 
forward-looking curiosity and spirit of 
began 


inspired by 


the tribes energetic leaders soon 
warily to penetrate and examine the re- 
Dread of the woods had long 
Nevertheless, three 


age-long mysteries vexed all minds, and 


gion ahead. 
ago been overcome. 
kept alive ancient fears and supersti- 
tions: First, what lay behind that seem- 
ingly endless wall of mountains that hid 
Second, why were no hu- 
man inhabitants visible? Third, 
territory an island, or could it be a dream- 
land, a delusion? The the 
minds of the leaders of the projected 
resumption of southward exploration was 
to find 
really vital questions. Pioneers began to 
hew their through the untracked 
forest, and homeseekers slowly followed 
their trail broad and beaten, with here 
and there a lodge where a trapper or a 
family had for 
after season came and went, 


the sunrise? 
was this 


object in 


answers to one or all of these 


way 


time Season 
and the trail 


for nothing, not even an 


paused 


lengthened out, 
ending, seemed to come of it. Then one 
day a worn man broke out of the woods, 
and lo! a vast river filled his vision—the 
Columbia! 

It was not merely the amazing breadth 


of it, the impressive movement seaward 
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volume of 
of a bar laid ae 
path of further search 
considered 
mind of the foremost adventurer st 


ing statuesque beside the noble str 


of that unruffled 


startling thought 


wate! 


these wer: 


flashes across 


the ey eS 


What really stirred his emotion was 
thought that here, at last, the mow 
stood apart—that here was rent thi 
gantic screen that for generations had 
from these wanderers whatever of 

or bad lay behind it. So 
eourse, he reasoned, must have been g 
from 
Evidently a spacious land, not a 

this flov 


water was a road by w 


vast a wat 


ered wide and distant sources 


ocean, confronted him and 
river of sweet 
it might be reached and its riches learn 
Let others cross its current and follow 

seashore south as far as they pleased 

and would 
and eastward into a new world 


his dugout voyage upw 


So it came about. Little by little, n 
and more, the people followed their dar 
ing leaders up the river. Who could 
eount the years of time expended, w 
ean estimate the facts first learned, 
experience and knowledge gained, 
erowth in intellect and skill required 
teach those men and women how to ava 
themselves of novel resources of food and 
clothing and adequate shelter. 

In time the fierce current of the up] 
and mountains nort 
stopped advance by canoes. Many pleas 
hut 
just here opened a most inviting tribu 
tary from the east, the beautiful river 
now called Clark’s Fork of the Columbia 
led the migrants 


river massive 


ing valleys had been left untried, 


Traced to its source it 


the varied 
rner 


through 


ashore, 


northwestern ¢ 


afloat and 
scenery of this 
the Union until they found themselves 
confronted by 


snow-crowned 


mountains 
Bitterroot wh 


again 
long, 
stood 
their progress. 
What a trek 


squarely across 


north-and-south 


that was! An unseen 
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tless, seemingly limitless land. No 
ls, no guide, no help! Always diffi- 
s and dangers just ahead—risks to 
eated again and again, terrors in- pouring away 
| by superstitious faney and ghostly toward them, 
ness. Great cats, bears, wolves, way flo 
tlesnakes surround them, freezing 
blistering heat. Centuries, per- 
ad passed before this stage of the 
on was ended at the foot of the Mississippi rivers. 
Mountains, and a wide space of Picture the 


try with its capability for maintain- ment and rej 


uman life had been tested. primitive pi 


his time a line of more or less con- 


he base 
val > ; ‘ ’ 
villages and hunting camps They y 
d and kept open a line of communi haiohta 4 
n with the Pacific Coast, and con- 
tuted a line of retreat. It needed no 


tary guarding against any humanity 


would g 
would cam] 


, , had caught 

marauders of their own kind, and } - 
to be don lessengers mus 

. v¢ war ¢ arralc 2 ) > fF ° . } 

il rivalry and quarrels. But none f erith the w | news. and 

in front, at least, were thinking of 


reat. They were studying the prob- 


; 


and smoke must made, 
3 whether or 

that vexed their ancestors, of how to 
behind this new mountain-wall and 
ut what was there. The thousand- 


old question was not yet completely 


eyes he ld 


resp mse was visible, and SU 


no enemies awaited them they 
ao wer any fear about descendn 
‘red, and an unsatisfied curiosity : 


as far as it would lead. SS 


} 
; 


irged further efforts. In response, an haga : 
on a goodly host followed, and | 


xpedition bent on more discovery scram 
hrough Hellgate Canyon, and found 


nd it a break in the range that let 


land in peace 
Let us pause for a moment f 
through eastward into a maze of What nod ub was happening elsewher« 
ts and depths, broad peaks and nar It may well 
gorges—the heart of the Rocky 
intains. Scouting parties began to 
Impses of lofty peaks ahead whence 
rs came. Others followed them, 
ned from time to time by adventurers 
long before, had turned aside from 
‘Columbia column, and had toiled by 
* afoot up the courses of the Snake, 
Salmon and the St. Joseph rivers, 
‘+h had led them to this lofty meeting 
‘e in the midst of the Rockies. At last 
leaders, now gray-headed and wise 
the craft of mountaineers, gathered 
gether their nearest companions to 


foregoing 
} ‘ 
iCasSt, Ol 


—. 
lett 


W 


mb, at what appeared to be a low place, 
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likely remained for those who ultimately 


descended the Mississippi Such episodes 


and divagations in ethnic dispersal 
early movements in the slow spread of 
a race through thousands of years 
toward the Atlantic border of their wide 
domain-to-be—are properly surmised 

Nevertheless, it is my opinion that the 
main stream of exploratory migration 
from the Pacific Coast eastward followed 
in general the course I have sketched. 
The Columbia-Missouri route has seemed 
to me to be logical as that by which the 
unknown interior of the continent would 
most easily be reached and examined 
From the mouth of the Columbia a con- 
tinuous water-way, navigable for canoes 
(in which women and children and their 
meager baggage might be safely trans- 
ported) led almost to a feasible passage 
over the supreme mountains; at this point 
began a noble river, inviting, fairly en- 
eouraging, hopeful travel by its smooth 
current through a smiling terrain. Does 
a study of the present-day map show any 
transcontinental route more natural or 
practicable than this for such emigrants 
as I have reasonably pictured ? 

These Neoliths, having crossed the 
Great Divide and daring to go on, had 
no alternative but to follow the Missouri 

at any rate until their descendants had 
reached the pleasant prairies and bounti 


ful forests of the Mississippi \ 
water-courses, alone, cou 
aborigines investigate the land 
eant, guideless land ‘‘behind the 
tains.’’ By their banks only could 
find the edible plants and fruits, t] 
and game on which they must deper 
food, and for their sole line of retr 
necessary. The rivers were the na 
pathways of discovery, and the sat 
desirable places for settlement by 
who followed the exploration. But 
facts imply the possession of boats 
the only boat possible to their powers y 
the dugout. They had neither mater 
nor tools for anything else; but 
sharpened stones and the keen edg 
the shells of river-mussels, tree tr 
eould be shaped into serviceable b 
To the aborigines, as it has been 
since (before the horse was given to ] 
his dugout was indispensable in his 
mestic maintenance; often it was 1 
sary to success in hunting, 
operations or in the constant wat 
that was the mainstay of tribal 
ence; and upon it he expended 
highest skill and ingenuity his situa 
required, together with whatever 
he possessed. Without their dugouts 1 
ancestral Indians might never have 
willing to march on until the race 
spread from the Columbia to the Hud 
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A STUDY IN THE DEMOGRAPHIC DISTRIBU 
TION OF CULTURAL ACHIEVEMENT 


By Professor CHARLES D. SNYDER 


THE JOHNS HOPKINS UNIVERSITY 


In the educated world there probably 
one who will deny that the greatest 


' 


enomenon of our era is the rise and 


wth of our western culture and, like 


no one who does not feel that this 


ture 18 a precious thing to be cherishes 


defended in order that it may main 
its vigor and continue to flourish 


1 


at this hope will be realized is not at 
rtain. We recall that many cultures 


risen and flourished in the past only 


fall into decay and end in destruction 


nd that among us to-day there are phi- 


sophers who believe that our present 


ilture already is tottering toward a twi- 


from which there will be no return 


Be that as it may, the present social 


| political unrest the world over has set 


inv of us to ask anew: What is this 


ng called western culture, whence did 


rise, where is its present center of 


test activity, where are its bounds, 


are its enemies and what are the 


es that threaten its destruction? 


umes have been written on these 


en 


f group differences among his kind. 


1es, but the answers are still incom 


Since earliest times man has been aware 


kK ir 


enturies he has inquired into the nature 


these differences and into their under- 


ng causes, which of them are heredi 


ry and which, if any, are acquired by 


nvironmental influenees: and of all 


Psa 


which hinder and which help 


ward the progress and the happiness of 


tall 


t 


group in which they are found? 


rraphical location, prevailing climatic 


ions, peculiarities of soil, food and 


er supplies, endemic diseases, prevail- 


r 


‘onstitutional habitus and the organs 
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of internal secretion especially dominat 
ing the individuals of a people—all these 
have been the topics of analyses and 
searching scrutiny 

It goes without saying that 
reliable of all these studies ar 
have been carried out with the spirit and 
the techniques of modern science. Now 
there are two fundamental factors upon 
which the scientific approach to any prob 
lem is based. The first is the possession 
of a reliable measuring device, a unit that 
ean be applied for the determination of 
the quantities of any chosen characte 
property of the thing to be st 
second is the , 
property which 
measuring. The degree 
tained with the first depends 
limits of accuracy demanded of 
realized in) the measuring device ad 


and the skill and the intellige 


ne making the measurements 
iccess with the secon 
cases only becomes a 
after the work is done; 1 
value becomes apparent at 
author is acclaimed a genius 
peers 
Perhaps in no field of dem or ipl y have 
the difficulties been greater in choosing 
characteristics worthwhile studying and 
finding appropriate rods to measure them 
with than in that branch which under 
takes to evaluate the relative spiritual 
and intellectual, or the cultural, achieve- 
ments of a people. With the hope that 
some of the questions men ask about our 
western culture may be answered by its 


use, the following deseripti yn and appli 


eation of a yardstick for cultural achiev 
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ment is offered for consideration. The sal among peoples, then one could 

results of the measurements seem to point that most probably the Nobel Awards 

to certain conclusions which finally are would be distributed among 

given brief discussion. nearly in proportion to their res; 
T! 

ured in this study are (a), the number sumption, one may proceed to est 

of Nobel Prizes awarded; (b) the num-_ the ideal rating for each country by 


he objects, or characteristics, meas- population figures. Granting this 


ber of citations in the International method described above. This has 
Who’s Who for 1937; and (c) the num- done for all those countries which | 
ber of record-holders and points won by _ the distinction of having had one or n 
place winners in the Olympic Games, per of its inhabitants designated as N 
each ten-millions of the total population Laureate. The results of the com; 
of all the countries represented in each’ tion appear in the first three columns 
eategory of achievement. This gives a Table 1. As will be seen, the figures 1 
unit of measure for each category which resenting the actual and the ideal allot 
when multiplied into the population fig- ments tell quite different stories. G 
ure of any given country will give the many, Great Britain, France and t 
number of points it might have under United States of America have receiy 
ideal conditions, in other words, the ex- in absolute numbers by far the great 


pectation of merit under ideal conditions share of the awards. But on the popul 


in any one of the three fields of cultural tion basis of distribution they have 
achievement here considered. What the ceived only one to three times their id 
actual status of any country happens to allotments, whereas Denmark, Norw 
be at the present time in any one field Sweden and Switzerland all have b 
then may be found (and this is the yard- awarded ten times their ideal allotme: 
stick finally to be applied) by dividing 
the actual number of points standing to 
the credit of the country by the number 
of points it should have under ideal con- 
ditions. Put in the form of an equation 
this statement would be, 


THE DEMOGRAPHIC DISTRIBUTION Of 
CITATIONS IN THE INTERNATIONAI 
Wuo’s WHo 
Recently Captain Frank B. Littell 
published an article? in which are giver 
the results of his analysis of the numer 
Covad Gets OO Sree = eal representation of the principal 1 
scent Achiovemens tions of the world in the Internatio: 
Who’s Who for 1937, ‘‘a valuable w 
of reference containing brief biogray 
, eal sketches of about 19,000 persons, e 

The five prizes announced for the year sidered by its authors to be of inten 
1937 by the e ymmittees of the Nobel ; 


Tue DEMOGRAPHIC DISTRIBUTION OF THE 
NosBeL AWARDS 


tional prominence.’ 
Foundation’ bring the number given, Here again one may assume that wet 
since the first in 1901, to a total of 159. the people of all lands eaual in inte 
One may now assume that, if talent and  ganee. opportunity and training, then | 
genius were equally distributed and if the p»uomber of biographical sketches in su 
cultivation of the arts and learning (in 4 work would be pretty nearly in pro 
which the prizes are given) were univer- tion to the population foures of the e 

1 For a brief history of the origin of the’ trjes from which they are selected. T 
Nobel Foundation and a comparative study of actual then would tend hen seenittineaiion 
the distribution of the prizes see: Harrison approxim 
Hale, THE ScieNTIFIC MONTHLY, 40: 157, 1935; 
ibid., 45: 412, 1937. 2 Frank B. Littell, Science, 85: 476, 1937. 


the ideal distribution. 
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TABLE 1 


DISTRIBUTION OF NOBEI 


Tue In 


DEMOGRAPHI( 


Population 
Political grou] in ten 


millions 


ee 6.46 
tain and all Ireland' +89 


and Canada’ 


103.48 


ideal 
for the 
and 


method of determining the 
has taken the liberty 

1 The United States 
are much the 
to Captain 


For the 
The author 
nto one in 
n separately same 
author is indebted 


on Ireland and Ar 


Littell, 
gentina 
data in Littell’s 


e one easily determines the distribu- 


m the Captain 
f entries per unit of population and 
the ideal allotment for each country. 
the last two ecol- 


where again it is seen 


results appear in 
mns of Table 1, 
it for the most part the smaller coun 
es of northern Europe lead the list in 
ring on their ideal allotments. 
DEMOGRAPHIC DISTRIBUTION OF THE 
WINNERS IN THE MODERN 
OLYMPIC GAMES 


Greek Games, 


of the 
them on a world wide basis 


revival 
no 


ei 


g 


ibt 


as been helpful in the promotion 
nternational understanding and 


Incidentally the games fur- 


ap- 
ition. 
is with numerical data which can 
used in this comparative study of the 
iral achievements of peoples. 


ERNATIONAI 


as they 
loc. cit., W 


fES AND Bi 
WHO 


Pr! 


allotment 
sake of sit 


Canada, ‘nto 


stand, as 


Such a use 


begun by the present 
the 


1936 


imited 


scores W by 
winners 


} 
+ 


results in tha 
that the 
Europe, 


smaller countries 
for 
realizing on 
did the rest 

since we 
same countr 
dubitably exe 
the 


athletie pr 


question of their ex 
wess becomes 
import 

known, 

leaders 
lence in 
among 
excellence i 
Charles 


MONTHLY, 








264 THE SCIENTIFIC MONTHLY 


however, has been based chiefly upon  place-winners in all events represent 
qualitative evidence. Will a more exten- greater variety of ability and mor: 
sive study of the material on athletic viduals ‘‘of international promine 
achievements bear out the findings in the more analogous to the variety of ab 
study of the more restricted data of the represented by the citations in the h 
1936 Olympiad ? national Who’s Who; second, the 
To answer this question it was decided Olympiad is chosen because in that : 
to make first a study of the distribution the variety of sports and the numbe: 
of record-holders in all the Olympiads nations competing were greater tha: 


which are still in force; for it was con- any previous Olympiad. 
sidered that record-holders in the world The data on record-holders wi 


of athletics are somewhat analogous to found in the World Almanac, N 
Nobel Laureates in the world of arts and 1937, and extend over the six Olympia 
sciences. Second, instead of limiting the held between the years 1912 to 193i 
study to only the first three place win- clusive. By the end of the 1936 gar 
ners, as was done in the earlier work, it records had been established in 1] 
was decided to extend it to include all six ferent events, the holders represent 
place-winners in all the events of the some 856 millions of people. The 


t 


1936 Olympiad. The reasons for this allotment for each 10 millions of p 
extension are the following: first, all tion therefore is nearly one and one t 
TABLE 2 
THE DEMOGRAPHIC DISTRIBUTION OF Recorp-Ho.Lpers (1912-1936) AND PLACE 
WINNERS (1936 ONLY) OF THE OLYMPIC GAM 


ES 


Record-Holders Place-Winners 
Population . —— - -_ = 
Group in ten Per cent. Per 
millions Ideal Actual of ideal Iden Actual of 
realized re 
POE scsseeees ‘ 0.36 0.49 9 1837 2.26 17 7 
Estonia : 0.11 0.15 2 1334 0.69 6 R7 
New Zealand 0.15 0.20 1 193 0.94 10 10% 
Hungary ‘ 0.87 1.18 7 593 5.45 i4 808 
Sweden . sine 0.61 0.83 4 $82 3.82 0.5 793 
Holland . - 0.73 1.06 6 566 +.89 24 12 
Austria coon 0.67 0.91 3 330 4.26 26 61 
Switzerland ... 0.39 0.53 1 189 2.45 10.5 $29 
crermany ‘ oe« 6.46 8.77 yy 4 251 40.50 134 
Norway .... th oh 2.20 , 1.69 9 5 
Argentina oeceee 1.09 1.48 2 135 6.83 16 234 
U. S. of America 
and Canada . 13.24 17.98 29 162 83.00 86.5 104 
France t.09 5.55 6 108 25.60 35 137 
Italy ieee we 4.15 5.62 6 107 26.00 35.5 137 
Czechoslovakia ... 1.47 1.99 2 100 9.22 9 98 
Egypt - 1.42 1.93 1 52 8.90 7.5 S4 
Great Britain and 
all Ireland . 1.89 6.62 4 61 30.664 20.54 67 
Chile sees 0.43 0.59 1 107 
Belgium .... 0.81 5.08 5 98 
Denmark . 0.35 _ 2.19 2 91 
Poland ye. 69 1 27 17.05 11 Oo 
Japan ... ; 7.67 10.40 7 67 48.10 11 2 
Uruguay 0.18 1.13 1 SY 
Mexico. 1.48 jee sa a a 9.28 8 RO 
Turkey er _ 1.37 1.86 1 54 8.60 1 12 
Yugoslavia ....... 1.34 8.40 2 24 
Rumania Sow en te 1.90 re ee ea 11.90 1 3 
EGER cveu ss cae 32.56 44.10 1 2 204.00 10 
Totals* naan 91.83 115.93 116 572.89 573 


4 This figure is based on the scores accredited to Great Britain only, Ireland not having enter 


the lists in 1936 : * _ — . 
e Of the total population, as given in Table 2, only 855.9 millions apply in the computations 


and 918 millions in the computations for place-winners By theory the totals of id 


record-holders t 
and actual allotments should equal each other in each category 
in this respect indicate the degree of accuracy obtaining in the calculations. 





The discrepancies between the totals 
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TABL 


%65 


eSNer 
. SuMMARY OF RATINGS EXPRESSED AS PER CENT. OF THE I L AI ME 4 
re ind REALIZED BY THE ACTUAL ALLOTMEN 
ner 
} Mi neran) 
iD) ’ Biogray 
| I t abel ababen Olymp! Ave 
*) nto, 11tica groups prizes . * ~ : } 
(1901-1937) ‘aterm. W. W. (1912-1936) g 
he is (ivoi) 
at \ OST ‘ ~ x 
Bp; 1048 ‘ ‘ 
nber ind 1138 195 ) ‘ 
| 1112 704 
cis De feed .......... 0 67 1295 
; 143 ) 
i :70 ost 70 ’ 
will be 0 ‘ 1} 
“ . gary ° . Oo iM 7 2 
N. j Britain and all Ireland 908 } 4 
vy Zealand sone See 0 & 778 
mp ~ 398 ’ m9] 
O° 273 276 l ; 
JdO 1 : 318 191 19 
ra} America and Canada 82 147 I 121 
_ liga 62 ( 1: 
16 } £ i ° 53 0 185 
yvakia 0 eo a0 
[sen g $2 ; ‘ 
1 0 142 
e 50 62 0 
. i1and U. S. S. R 8 12 ‘ 
OPuU i ’ i 
+ 
‘ The order of listing the various nations in Table 3 is determined by the le f ey s 
cated by the average of all three ratings and as shown in the ist column of the ib Of the 
I ns who failed to score in any one of the three categories only those who were honor th the 
Not Prize distinction, or who did exceptionally well in at least one of the her tw iteg e 
ed in Table 3 
* This figure is based partly on an arbitrary datum, the exact one 1 being at hand 
h See footnote c, Table 1 
The mean of the per cent. of ideal realized by actual records and by events sg rab 
. gives the general mean-rating in sports for each country 
I 
alized record holders. The results of this part ideal distributions of merit in three quité 
759 f the study are assembled under the different categories of achievement. The 
163 ntion of ‘‘Reeord-Holders’’ in Table 2. ratios of the two distributions will become 
~ [he data used as a basis for the study much more apparent if we put them in 
7 n the distribution of place-winners were terms of per cent. This has been done for 
129 published by the Associated Press on record-holders and place-winners sepa 
32 August 16, 1936, and represent 28 nations rately for the games, as will be seen in 
" with a total population of nearly 926 columns 5 and 8 of Table 2. In order to 
+ n ms. <A total of 573 points were’ put the merits in games in a single figure 
7 redited to those individuals, taking the mean of the ratios in these tw 
US 2 < A ; me > 7 . : 
84 ‘st to sixth places inclusive, and to umns finally is taken for each country 
67 m were assigned arbitrarily merits of In Table 3 are shown the ratios of actual 
98 o, 4, 3, 2, 1 p ints, respectively. The to ideal allotments of merit in all thre 
s sults of the computations on these data categories of achievement. Finally 
23 uso appear in Table 2, last three columns. mean is taken of all three ratios, as shown 
R90 ; . . . : _ 
86 On account of the greater number of in the last column of the tabl lhis 
i2 ° ° . c 
24 ries and points entering into the eal- mean rating in all three categories of 
5 ons, the final results differ somewhat achievement establishes an index the 
m those obtained in the earlier study ;* order of excellence in cultural achieve 
evertheless, the main features of the ment among the various groups. Th 
tered findings in that study remain unaltered. order of listing them in this table was 
1s for We have now compared the actual and determined by this order of excellence 
idea . : ‘ : 
‘ Ibid Certain comments on the data used 


totais 
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ealled for at this point. 
uught by some that the 
the Nobel 


after all 


Prize 


gentlemen gy on 


Committees, ing 


merely hu 


man, would not be quite impartial and 


d then would give the preference 
Similarly, the editors 
and publishers of the International 
Who’s Who, being British, and their book 
being printed in the 


(and therefore destined to be used mostly 


;candinavians 


English language 


by English-speaking peoples) the judges 
inevitably would select a preponderance 
the the 


language prevails. 


of names from lands where 


E — 
sngiisn 


To offset these misgivings it is only fair 
that. 


exists to support them, we must believe 


to s since no specific evidence 


that everything has been done to insure 


] + 


a selection of only competent, upright 
that 
selected performed their duties to 
the their well 


known that the judges for the 


fearless judges and those 


and 
have 
best of abilities. It is 
winners 
from various 
further, that the 


devices employed in many of 


of the vwames were selected 
nations and automatie 
the events 


were beyond the reach of personal bias 


and human frailty. But most important 
of all for the present investigation is the 
fact that the judges in any one of three 
fields had 


the decisions taken 


nothing whatever to do with 
by the judges in the 
two fields af achievement. It is 
fact that 


wether, a high degree of objec- 


other 
this last 


} a 
taken all ti 


our data, when 


vives 
tivity and impartiality. 

As one seans the results summarized in 
Table 3, one notes a striking tendency for 
the ( ‘der of 


eountries to 


excellence among the various 
somewhat the same 
The 
exceptions to this tendency are Finland, 
Estonia and New Zealand, 


they have been awarded no Noble Prizes, 


remain 


in all three ratings. outstanding 


who, although 


lhe exception to this statement would be the 
names of Nobel Laureates among the biograph 
affect the 


19,000 citations very slightly. 


tat 


ical citations. 


drift of the 


But their number, 159, 


IC MONTHLY 


appear as fifth, eighth and elevent) 


order of averaged ratings. H 


who just has been honored wit! 


1937 


ranking very low in games, does 


Laureate ranks ninth: Di 


in the other two categories that 


occupies fourth place in the 
ratings 

On the whole, however, it apps 
the 


limited study on the demograp! 


? 
veneral conclusions, drawn 
bution of the first three place-win: 
the 1936-Olympiad,' 


more extended study. It 


also hold 
becomes 
able therefore to restate and to son 
extend those conclusions. 

1. Our yardsticks being Europs 
kind 
rather than oriental 


and used to measure occ 
ideals of cult 
are not permitted to conclude 

low 


countries standing 


therefore 


oriental 
stand 


lists would also 
culture measur! 
This 
nothing in that 
admire them for 


they 


their own kinds of 
their 
tends to say 
We 


accomplished 


own yardsticks. study 
part 
ean only 
what have 
science and games. 

2. If figures ean add anything t 


because of many other consid 
already has been believed, the 
eenter of occidental cultural 
ments lies in western and in northw 
rather than in southwestern Europ 
3. Comparing the ratings in a 
and intellectual with those in the a 
definite stat 
belief that 


excel also 


rives 
the 
one 


achievements 
confirmation to 
who excel in the 
other fields of achievement. 

$. It is but rather 


smaller nations of 


the larger 


not 


which excel beyond all others. Mer 


of population or spread of empire s 


to be no guarantee of the highest 
level of 


people 


eultural achievement am 


6 Charles D. Snyder, loc. cit. 





northwestern Eur 


DISTRIBUTION OF CULTURAL ACHIEVEMENT 


A full explanation of this suprem- mental 
‘the smaller states will be had only  considerat 
r extensive scientific researches along tudes a1 
lines of which the present author problems |! 
tthe command. But having raised 
uery, the following brief prole- race 
n of the outeome of such re-_ benefit 
s may be permitted. light. 
the outset one may say without fear discuss! 
ntradiction that those peoples who always must b 
sfy so well our measures of cultural plane 
vement will be found to be made up Since the maj 
ss divergent varieties of homo of northwestern 
ypiens than are those of the less success- quite reasonable that the 
groups. The prospective corollary to should finally rest in the 
roposition doubtless also will be selected from such stocks 
to hold; namely, that amongst a_ clear, however, that 
ple where the individuals diverge too be leaders and in 
tly in blood and breeding there will come mere on! 


extreme diversity in temperament and only themselves to blame whi 


nflict of ideals, less balance between fall into the hands 
ming and doing, between debate and There is 
on, more time lost in planning and minorities ; 
‘orming.’? This state of affairs will the contro 
1 to constant futility and frustration, t is too lat 
it, even in groups where intelligence arouse itself and give 
nherently at a high mean level, inter- to public affairs it might ide finally 
in the social welfare will fail to to take measures for the maintenance and 
p. Amidst their confusion the improvement of the quality of 
lividuals in such groups will fail either /ation by (1) limiting immigra 
ecognize, or to unite in furthering, ‘ively to s 
hings in life most worthwhile. It is European 
h groups as these who do not know rigorously 
they want or where they are going. (%) prom 
‘o begin with then what shall America, ened s 
it shall all nations of the western Policies, wl 


represt 


} 
teriliz 


rld do, who wish to prolong their eul- tional 
ideals and national existence? In 4nd groups wl 
w of all the foregoing it seems that 4nd give most 
ng the first things to do is to abandon ideals of 
prevalent timidity and reluctance then all thi 
ard an open discussion of race prob- peaceful ways ani 
ind of a eugenics which aims not democracy 
ly at the eradication of hereditary (as Perhaps thet 
as endemic) diseases and low-grade finally what she 
‘or further discussion of this, see Madison 8°! 
**The Conquest of a Continent,’’ N. Y., John R 
+, Chapter 18. 1937. 





THE THEORY OF THE GENE’ 


By Professor RICHARD GOLDSCHMIDT 


UNIVERSITY OF CALIFORNIA 


More than thirty years of experimental 
research in genetics have established the 
fact 
that the fundamental unit of heredity is 
me s call the gene 

of life, meaning that the 
existence of the living world is unimagin- 
A 
lecture on the theory of the gene is there- 
fore expected to discuss the facts which 
led te 
hereditary unit and, maybe, of possible 


as it seems, beyond discussion— 


S biologist 


the gene. 
even the unit 


able without the existence of the gene. 


» the conception of the gene as the 
objections to these facts. The discussion 
might be extended to the possibilities of 
the of the 
and in this connection also the problems 


understanding nature gene, 


concerning the action of the gene in econ- 
trolling development might be included. 
But the title of this lecture is meant in a 
different sense. What we intend to dis- 
cuss is not the existing classic theory of 
the gene, but the reasons why we believe 
that this classic 
able and has to be superseded by some- 


theory is no longer ten- 


thing else 


who were 
of the 
Johannsen, himself, 


There have always been biologists 
the 
gene as a hereditary unit. 


sceptical regarding classic theory 


who coined the term—though the actual concep 
tion goes back to Roux, Weismann and De Vries 

did think of the of 
actually existing unit. But he also 
posed to the chromosome theory of 


not like to as an 


op 


heredity. 


gene 


was 


Actually, his scepticism was comp] ‘tely sterile 
ustified his when 
to light forced 
actually existing 


and therefore not }j in time, 


fact which had come 


theory of the 


every single 
the 


unit upon the minds of geneticists. 


gene as an 
There were 
also other biologists who opposed the theory of 
hereditary units on general grounds. They had 
to ¢ ird all known facts of geneties in order 


the 


isreg: 


to prove their point ind were therefore in 


the 


Sigma 


1 Leeture delivered before University of 


Xi, 


lifornia 


1937. 


( hapt r of November, 


2OR 


wrong even if it should turn out now that t 


sterile scepticism the face of overwhy 


facts had |} 
the right side. 


in 


appened to them after 


put 


Any text-book of geneties will conv 
the information upon which the theory 
the gene as a hereditary unit is based 
The elementary facts of Mendelian her 
ity show that the things which ec 
hereditary traits are distributed acc 
ing to chance and that they may | 
to 
ever losing their identity. 
that the 
in the 
distribution 

the 
appeared to be based upon something 
located in the chromosomes. Then came 
the discovery that more such unit trait 


chanee wit] 
When 
behavior « 


combined according 


came known 
sex-cells 
of 
progeny, 


parall 
hereditary 


chromosomes 
the 


among 


exactly 


traits these tr 


could be traced in one species than the 
number of would 
This meant that more than one unit char 
acter is located in a chromosome and t 


chromosomes permit 


such a group of characters is expected 
be linked in heredity. The next step was 
the diseovery that this linkage could be 
and that 
homologous 


broken by crossing over 


exchange between 


somes could occur at each single loc 


i.e., for every single representative of 
unit character in the chromosome, ¢al! 
This meant that 
for the individual 
traits, must be contained within the chr 


a gene. small uw 


responsible link 
mosome and that these must have a r 
existence, as they may be shuffled ar 
Then the law was found that the amour 
of cross-over is a function of the distance 
of the 
which in its turn required a linear 
It followed t 


these units within ehromoson 


rangement of the units. 
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very that the same number of link- 
groups is found as the haploid num 
Then the 
veries of exchanges of parts of chro 
deletions of 


f ehromosomes. came 


mes (translocations 
ts (deficiencies), inversions of parts ; 
| in every case the actually found con- 
suences were those which could be pre- 
ted on the basis of the theory of the 
i.e., of the units ar- 
ranged in an orderly bead-like seriation 
ne the All facts 
eould be brought to light because one of 


existence of 


chromosome. these 

fundamental properties of the sup 
posed units, the genes, turned out to be 

ir ability to change by the process of 
mutation. This change in the gene leads 
to a mutant character which may be fol- 
lowed up in erossing experiments, again 
behaving as a constant unit. It is clear 
that actually only the mutated gene is 
accessible to experimentation. But as the 
hereditary behavior of each mutant gene 
the existence of something, 
called the wild type allele, at the same 
int of the chromosome in the normal 
wild) stock, mutation must be supposed 
to have changed a wild type gene into the 
It further became known 
hat one and the same gene may mutate 
into a series of alleles (multiple alleles) 


requires 


no 


t 


mutant gene. 


which again requires the existence of a 
unit, the gene, capable of a series of 
into other (and again stable) 
units at the same point of the chromo- 
The last touch was given to the 
classic theory of the gene when it was 
found that gene mutations may be in- 
duced experimentally by x-rays and 
other agencies and, further, that practi 
eally all the details of gene arrangement, 


changes 


some, 


as derived from genetic experimentation, 
‘ould be confirmed cytologically in the 
giant salivary chromosomes of Dro- 
sophila. 

This immense body of evidence then 
showed that units called genes exist at 
definite points of the chromosome, units 


which are stable, which can be shifted 


FF THE GENE 


the devel 
change spontane 
yndit 


by mutation 


mental e 


Many hypotheses wet 
ing the nature of tl 
eautious biologists s} 
in the chromosome, t 
some kind of an 
ture of the gene, : 
cists have sp ken 


point We 


which in 


do not 
ideas, 
prompted mostly by s 


foremost in the minds of the 


authors.? In a general way we 1 
that the gene was assumed to bi 
molecule or a group of molecule 
probably an au 


active substance, 


catalyst. Mutation was assumed to mean 

either a change in the number of mole 

ecules characteristic for the gene, or a 

change in one side-chain, or a change to 

even a iarger change 
When it 


known in recent times that the 


unds of | 


a stereoisomere or 


of molecular order became 
fibers are 
com posed of micellar comp 
chain-molecules, a similar cons 
was also ascribed to the gene 
The first difficulty arose 

conception when the so-ca 

effect was discovered. Sturtevan 
that two Bar eye genes in Drosophi 
located in the same chromosome as a 
sult of unequal 
different effect from the 


located opposite each ( 


crossing over, have a 

B-genes 
He called this a 
that 


its ac 


chromosomes 


position effect, which w 


ogous 


the position of a gene infh 


tion. This could imply that 1 ly the 


locus or gene but also the whole chromo- 


some means something for the action of 


what is called a gene 


many 

2A full reviev ill be 1 in ¢ ok now 
in press ‘* Physic ’ McGraw 
Hill Co., New York. 
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effects were found which were described mosome anything happens in the way 
under the same name of position effect, a rearrangement, an inversion, an 
though they are absolutely different from tion of a piece from somewhere 

the original Bar case. The x-ray tech- a deletion, a phenotypic effect m 
nique led to the production of innumer- produced which is identical wit! 
able translocations within the same or phenotype of the gene mutations, ty] 
between different chromosomes, inver- for this locus. Anything happening 
sions and similar rearrangements of the Bar-locus may produce a Bar eff 
chromatin material. In many eases they This change then acts in the languag 
were combined with what appeared to be classic genetics like a multiple all 

a mutation at the breaking point or the respective mutant. It is obvi 
nearby. As such a mutation at the break it 1s very difficult in such a ease to dist 
became less probable with the increase in guish between a position effect and a 
the number of cases found, the effect was mutation. The only difference is that 


considered by many genetici to be a one case we know that the phenot; 


position effect. This means that a gene effect is produced by a rearrangement 


which is put in a new neighborhood, as is chromosome material; in the other 
the case with a gene adjacent to a break, we do not know this yet. The susp 
has another effect than in its normal sur- is strong that the gene mutation at 
roundings, an effect which resembles the locus in question is also the result 
effect of a gene mutation, though the gene rearrangement, maybe one which is dil 
has not changed at all. If the rearrange- cult to make visible cytologicall) 
ment returns to normal, the effect also account of its involving only a very s 
disappears. To explain this effect within chromosome section. 

the theory of the gene it was assumed There are quite a number of facts 
that a part of the action of the gene takes isting which lead our thoughts in 
place near its locus. Here, then, the same direction.* The suspicion wi 
products of its action are most concen- become a certainty, however, if it « 


trated. If the gene is transferred to be shown that ordinary and typical s 


another locus these products interact first called gene mutations are actually t 
with something different, namely, the results of arearrangement. This now} 
products of the now neighboring genes, been demonstrated with certainty 
and therefore produce a different effect. quite a number of standard genes. 

It is obvious that this theory of the The process of spontaneous mutat 
position effect could save the conception as usually occurring, involves the sudd 


‘ 


of the gene up to this point. Further appearance of a single or of a few n 
facts. however, make it rather difficult. tated individuals. We have observed 1 
One of the important results of the x-ray a series of cases—as it seems, very 1 
experiments was that both gene muta- cases—in which something occurs whic! 
tions and chromosome rearrangements’ looks like a strange type of mass-mut 
were produced in direct proportion tothe tion. (One such case has als» been fou 
rate of ionization and independent of by Plough and Holthausen and actua 
wave-length. It was further found that been termed mass-mutation.) In thes 
the phenotypes of the gene mutations and cases a whole brood of Drosophila 

of the so-ealled position effects covered suddenly changed into a series of mut 
the same characters. But the study of tional types. Thus simultaneously 
experimental chromatin rearrangements series of ‘‘mutants’’ appeared in nume! 
brought another important fact to light. ous individuals, and some of them turns 


If at (or near) a definite locus of a chro- 3 See footnote 1. 
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identical with well-known gene result 
s. In this case, however, it could erally sp 
ven that chromatin rearrangements may app 
ken place spontaneously, which at in Drosop 
luced all these types. Already the majority 
major and three minor individual be produced 
s have been observed since 1929, 
here were produced a large number 
among them such stand- 
ts as black, purple, ebony, 
, plexus, rudimentary. If this can 
there is no reason to doubt that 
me all other mutants will appear 
same way. To save the gene con 


might still say that all these were 


position effects and that the orig- simple deviat 
mutants were something els¢ t events, d 
doubt that the not yet completed be reduced 1 


} 


1 analysis of these cases will en n veloei 


ties 
the abandonment of such a last If such is the 
erate stand. The conclusion, then, is ourselves whet 
gene mutation and position effect are the set 
ind the same thing. This means that thing of th 
es are existing but only points, ness’’ whic! 
n a chromosome which have to be the biological 
nged in a proper order or pattern to tries, or whether a chem 
normal development. Any change _ be imagined which could ace 
s order may change some detail of facts. Actually I believe 
pment, and this is what we call a model is 
tation. We might of course call a_ such interesting compariso 
f arrangement at a locus, a gene. be excused for indulging in a 
en there are no genes in the nor- lation along this line 
‘-hromosome, and the mutant gene There has already been pr 
) wild type allele, as the whole wild a model by Miss Wrinch, whi 
chromosome is the allele for all a success with some genetic 
tant genes in the chromosome. Bet- model, however, still assumes 
en, give up the conception of the tence of genes. The chromosome 
except for simple descriptive pur- ceived as a micellar e 
chains made up of diff 
situation is now this: The whole and held together by nuclear 
nosome is the unit controlling nor- bonds between the differe 
levelopment. But in this unit the are breakage points and 
rent points must have a definite two bonds would 
which is of so complicated a type A better, though nearly r 
most changes of the proper order are _ fulfill all the 
lethal or change the activity of the 
mosome in development thus that a_ be d 
phenotype results, the mutant mann 
This change of activity with the tion 
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he 


The ability 


geneticist wants to repre- 


model are: (a 


the 
romosome to reproduce its own 


by recreation of its 


division or by 
b) The point to point identity 


image by 
likeness. 
of two partner-chromosomes as expressed 
by point to point attraction all 


The orderly diversity along 


along its 
length. (¢ 
the length of the structure of a sufficient 
complexity to make a change in order 
in a majority of cases consequential (1.e., 
change of 


Bergmann starts from certain facts upon 


order equal to mutation). 
which he builds a chemical hypothesis, 
and both facts as well as hypothesis ap 
pear very helpful for our present pur 
poses. The protein molecule is known to 
consist of a chain of amino acid residues 
linked by peptide bonds. According to 
Bergmann these residues are arranged in 
a simple order. Each amino acid has its 
own rhythm different from that of the 
others, and the superposition of all these 
produces the of the 
molecule. The rhythm itself, meaning 
that one type of residue appears always 


rhythms pattern 


separated by a definite number of others 
in the chain, follows a simple arithmetical 
rule. Thus silk fibroine which contains 
residues 


the 


and 
arrangement 


alanine tyrosine 


of 


elyeine, 


shows an these in 


rhythm: 

X-G-A-G-T-G-A-G 
X-G-A-G-X-G-A-G-X-G-A-G-T-G 
(G-G=2 A-A=4 T-T=16) 


G-A-G-X-G-A-G 


The total number of members of a chain 
is 288 or a multiple thereof. To organize 
a molecule, a chemical organizer is 


Accord- 
sub 


such 
needed of immense specificity. 
ing to Bergmann, the only known 
stances with the necessary properties are 
the intracellular proteinases, which both 

and the 

At this point Bergmann pro 
the that the pro- 
teinases are themselves proteins. ‘‘If the 
proteinases themselves are proteins and 


hydrolyze synthesize protein 
molecule. 


nounces hypothesis 


at the same time have the ability to syn 


thesize other individual protei: 
there must exist proteinases wh 
the ability to 


own structural pattern and theref 


synthesize replicas 


able to multiply in suitable sur 
ings.’ 

It is astounding to see how these 
eal facts and hypotheses fit the r 
ments for a chemical theory of her 
Let us assume that the individua 
mosome actually is a single imn 
chain molecule and a proteinase 
means the essential part of the chr 
some—the so-called gene string—to w 
is added acid, 
some way the stability of the long « 


nucleic which make 


possible. All modern hypotheses ri 
ing chromosome structure have rec 
with these two constituents 
teinase then has different 

to 


proper T1es 


cording its special 


Either it may produce its own rep! 


which amounts to a division of the 


mosome or it may synthesize other 
teins from the parts present or it 
hydrolyze proteins. The latter tw 
tivities would constitute what is us 
conceived as being the function 

The immense specificity of 


gene 


proteinase is based upon its typical str 


ture. This, however, represents a 
complicated patt 
composed of the superimposed rhyt 
of the different res 


though regular 


amino-acid 


~ 


‘ This vo: 


surroundn 


This again means that any breakag 


rearrangement in the chain leads 


‘ 


destruction or impairing of the specifi 


and therefore to other reaction pr 
which have to be assumed to contr 
phenotypie changes. Thus it seems 
the latest developments of genetics 


of 


ment of a reasonable hypothesis rega 


ing the chromosome, which could « 
be elaborated much further. 


protein chemistry permit the st 


If the views expressed here shou d I 


out to be correct, a number of far-r 
ing consequences would become vis 


4 See footnote 1. 
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‘hromosome and not the gene is the 
illy decisive unit, we shall have to 
se quite a number of our ideas con 
plan 
hn 


facts appear in a 


rning evolution. In addition we shall 
look at such genetie facts which volved 
} 


; 


with whole chromosomes from a new unit the 
For example, in plants trisomies and their importance increases 
chromosome present in triplicate passing we might mention that w ’ 
nstead of duplicate) have been known to _ possibly also have to change considerably 
different from normal diploids and our views regarding sex chromosomes and 
types produced by the addition of an sex genes 
extra chromosome are among themselves May I finally point out that the geneti 
ferent according to the individual cist may furnish the protein-chemist with 
romosome involved. The fact has been an interesting fact. In the chromosome 
explained on the basis of the theory of there exists a mutual attraction between 
genic balance, which is disturbed by an’ two and only two identical 
extra chromosome in favor of the genes’ by point, link by link 
contained therein. But we know that chemist obviously has diffi 
ally ‘‘genes’’ controlling a definite understanding the series 
(e.g., eye color in Drosophila which a proteinase organizes the pattern 
distributed over all chromosomes. of a protein molecule or of its own 
The typical differences between different replica. From the fact ji mentioned 
trisomies (different in regard to the chro- some information might be der 
mosome involved) are therefore rather would lead to a physical a 
irprising. Still less understood is the problem of organizing or 
‘t that different trisomies (according chain-molecule. 





COMMENTS ON CURRENT SCIENCE 


By SCIENCE SERVICE! 


WASHINGTON, D. C. 


M-RAYS’ EXISTENCE DOUBTED every step in every experiment, t] 


} 


‘Not proven’’ is the Scotch verdict unable to obtain any evidence 


returned by two critical biophysicists tory to themselves of the existence 
after a careful investigation of the dis- muitogenetie radiation They ther 


rest their case with a negative verdict 


+ 


puted phenomenon of mitogenetie radia- 
tion. or M-ravs. The two men. Drs. Alex- the same time stating their willingness t 
ander Hollaender and Walder D. Claus reopen it again if supporters ¢ f the M 


pursued their researches at the Univer hypothesis come forward with posit 


sity of Wisconsin for the National Re- evidence produced under really rigor 
search Council The council recently experimental conditions. 


} he heir rene *T 

Pe ee VITAL CHEMICALS 
Mitogenetie radiation, known also by . ) ' . 

, ‘ert she ie ~ ‘ on , 
the convenient nickname of M-rays, was Certain chemicals, am ng them 

first reported by a Russian, A. Gurwitsch, phorus and the sodium of common 

some years ago. He stated that tissues of salt, are vitally needed by the body. Me 
. ; > 7 . To MeNntict cava bk . — = 
rapidly dividing cells, such as root tips, ical wrepoaee ts have known this for 
: , ° e “Oo opnser ‘ > astrons resiit 

emanated some kind of short-wave radia- ™™ from bs rving the disa trous resu 
tion, of very low intensity, that neverthe- that occur when these chemicals are 
less was capable of stimulating other cells "5 from the diet which is the norm 
to divide also source of supply. 


Many other investigators, using many 
methods, have followed the work of Gur- 
witsch. <A favorite set-up is an onion 


Knowledge of the part these chemicals 
play in the body—phosphorus as an aid 
in bone-building, for example—has bi 
root tip as source of the rays and a small gained by examining and analyzing 
ain at et ale os “ie ae bones and other body tissues after deat 
ontes *? and correlating these observations of 


Although many efforts have been made 
to detect the rays with mechanical ap- 


amounts of each chemical in the various 
tissues with the observations of what hap 


» he ‘ ‘ , ‘ ' , "1A > thay 
paratus, such as modifications of the pens when an animal is deprived of th 
' . . Now scientists can get mue ore 
Geiger counter used in cosmic ray work, meee real get much mor 
none of them has ever been suecessful. rect information about what happens 

, . ® theae chemiecale ; ; Salida 

hte bhemever does net meccneriiy wail. Semte of then chemicals in the body a 
r 7 eV I T re T : ° a %; Ie re 
tate against the validity of the observa- net Chey co ty a on ee 4 
tions, for living organisms are still far made to put themselves on the spot a1 
4 = } . Be ace ] > or ye t 

show where they are 1° e 
better detectors of many natural forces . ; } a optic yptan 
than any mochaniom yet devised. entering the body until they leave 


IHlowever, when Drs. Hollaender and 
Claus repeated the work very critically, 


This is done by adding to the substan 
under observation a bit of the same mat 
rial, made artificially radioactive. T! 
bit of material can be detected by t 
powerful rays it is constantly giving 


using both physical apparatus and bio- 
logical detectors and checking carefully 

1 Watson Davis, director, Frank Thone, Rob 
ert D. Potter, Jane Stafford, Emily C. Davis 
and Marjorie Van de Water, staff writers its rays. 


274 


just as radium itself can be detected by 
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is no danger from the artificial 
substances because they lose 
time—four- 


radiosodium. 


y in a short 
in th of 


this makes it necessary for very 


id) activi 


t 


the case 

im work between the physicists 

ndow sodium or phosphorus with 
and the medical 

ise it for physiological studies. 


tivity scientists 
les observing how substances suc] 
sphorus and sodium are used by 
scientists, by tagging them with 
tive material, can learn how they 
iwed by disease and can check on 
ve treatment of Radio 
substances for such studies are now 


cancer. 


produced in quantities by the cyclo 
the University of California under 
of E. O. Law 


reetion Professor 


COAL IS STILL POWER KING 
and is the 
the future 


king 
W hich 


al is still power 


! * source upon 


despite the 


that occurred 


rely, relative decrease 


has in recent 


ts use 
Natural supplies of oil and gas and the 
ricity that comes from water power 
not in future years supply our needs 
hnical experts look forward to the day 
‘oal will supply us not only with 
bulk of our power from central sta 
s but with superior synthetic fuels, 
as gas for heating, liquid fuels for 
ternal combustion engines, and smoke- 
lid fuel for home heating. 
flush production 


evitably an end to 

troleum and natural gas will arrive, 

suddenly but gradually and steadily, 
survey made by the Ontario Research 
indation shows. This will be due both 
nforeed conservation measures and to 
nges in the economies of the industry. 


oil and gas 


eTtie 
oal will become more economically 
increased of natural 
Relatively less coal will be 


manufacture of 
fied with cost 
ind gas 


rned raw. 


TRRENT SCIENCE 


Even n 
third of t 
America 


rich chet 

our medi 
industries, 
fuels and leay 


and other uses, 


Public he: 
losses due 
our larg 
TueIs 


] 
Less 


fied for s 


} 


are, alas, 


; 


over the fac 
degraded ener: 


HELIUM, SUN ELEMENT, SOON 
HOLD AIRSHIP ALOFT AGAIN 


Soon the e mpressors at Amal 


whirling full 1 handling 


ua 


spt 
f cubie feet of nautral gas in 
helium, the sun element, may a 
aloft an airship. 

Twenty 
American eng 
verted helium fri 


year 


m a 
manding $2,000 a cubie fo 
inflammable mpetitor 
a lifting gas for balloons a1 
When the armistice was sig 
of cubie feet of helium in ey 
New 
shipped 


Now the 


hydrogen-filled 


on a Orleans wi! 


Germans, 
Hinds no 


+} ara 
are 


tneir mem 
18.000.000 enhbie f 


ries, 


flat 


initial ation and r 


ing that the new Z ppel 
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will make this summer between Europe The reason is that sound-absorbing 
and the United States. America has a_ materials are practically ‘‘ transparent 
monopoly on commercial supplies of he- to sound. Because they permit sour 
lium, and Congress after the burning of penetrate within them they are 
the Hindenburg enacted a law allowing’ valuable for noise problems due to s 
its sale for restricted commercial, research reflections. This is the type of prol 
and medical uses. which appears in auditoriums y 
The extraction of the 1.8 per cent. he- troubles are most often caused by 
lium in the natural gas from the Cliffside cessive reverberation or multiple refi 
field in the Texas Panhandle is the task tions of sound so that one hears the sow 
of the U. S. Bureau of Mines. Under- prolonged to a confusingly lengthy tim: 
ground in the government-controlled gas But the very transparency of sound 
field that supplies the Amarillo plant absorbing materials makes them _ inef 
there is an estimated reserve of 1,800,000- fective for silencing noises originating 
000 cubic feet of helium, enough for years outside the chamber they are designed 
to come. Some smaller gas fields in Utah to shield; noises from the engine, fron 
that are much richer in percentage of he- vibration in the frame and other pl: 
lium have also been set aside and steps To stop such sounds dense, hard mat 
are being taken to purchase helium prop- rials like glass or steel are best becaus 
erties near Dexter, Kansas, and Thatcher, they reflect the noises more toward th 
Colorado. outside. The use of these dense materials 
Sufferers from asthma and ‘‘sand- however, permits ready entrance int 
hogs’’ and deep sea divers who work motor car’s interior of actual mechani 
under pressure will benefit from the avail- vibrations which can, in turn, 
ability of helium. The gas is used in pre- sounds inside. Elastic materials like rut 
venting the ‘‘bends’’ when under-pres- ber are employed between separate s 
sure workers are decompressed. And_ tions of the body to damp out these m 
helium is proving useful in treatment of chanical vibrations before they bee 
respiratory diseases. sources of sound within the car. 


SOUND-ABSORBING LAYERS OF NEW SWEDISH PROCESS FREEZES 
LITTLE USE IN MOTOR CARS SALT FROM OCEAN 

The amazing sound-absorbing materials Salt seems so commonplace in Amer 
which still the clatter and noise of busy _ ica to-day that it is hard to realize that 
restaurants and cafeterias seem to the was one of the economic commodit 
layman to be the ideal for the job of which played a great rdéle in fashionin 
quieting the interior of his motor ear. the ancient highways of commerce. On 
The reasoning for this assumption is of Italy’s oldest roads is the Via Salar 
straightforward enough on the thought that linked the salt pans of Ostia with th 
that what is good for noise reduction in Sabine country. Even to-day the mai 
one case is equally good for another. part of caravan commerce across 

Acoustical engineers, whose job it is Sahara Desert consists of salt, for in t! 


to study sound, wish the problem really interior of Africa salt still ranks 


were as simple as this. The truth of the precious and retains something of 
matter is that sound-absorbing materials status of the past when it was used as 


which work so well for stilling noise in money. 

a cafeteria or improving remarkably the But one need not go into darkest Afri 

acousties of an auditorium are of almost to find a region where salt is a crucial 
negligible value as a lining for the in problem for a nation. There is Sweder 
le+toar 


f 
a 


terior of a motor ear. Sweden has no salt and no fuel; the 
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ng significant because one can evapo- 
an abundance of fuel 
Yet Sweden has an 


salt water if 

hand for a fire. 

lance of hydroelectric power and 

reby has one key with which to unlock 

doorway which guards the salty 
ers of its majestic fiords. 

building an exper- 

tal factory on Gullmar Fiord in 

h salt will be produced by freezing. 

U. S. Bureau of Mines reports that 

Guilmar Fiord contains a very high per- 

entage of waters. At the 

inating xperimental plant this water will be 

esigned frozen by the abundant electric power in 


Sweden 18 


A 


now 


salt in its 


», Trom mechanical freezing units and a very con- 
rated salt thus obtained 
[his salty brine is then evaporated by 
eat, but much of the work of getting the 

salt erystals has already been done 
Thus the seareity of fuel 
overcome, in large measure, by 


solution 


places ent 


l mate 
because 
ird the 
terials by the freezing. 
into a n be 
hanic: Sweden’s tumbling torrents. 
create 
ke rul 


ite Se( 


ELECTRICITY AND SKELETONS 
PROLONG CIVILIZATION’S LIFE 


se me Electricity, working on myriads of 
letons from which life departed mil- 
ns of years ago, will do much to pro 


This 


irent paradox, which modern science 


¢ the life of our own civilization. 


makes real and even commonplace, is ex- 

lined and emphasized in the new an- 

that it ial report of the Tennessee Valley Au 
odities thority. New processes of making better 
jioning phosphate fertilizers in electric furnaces 
the 


er industry, and with it 


mise to revolutionize whole fer- 

agriculture, 

| with agriculture the tenure of civili 
n itself 

9 


But where do the skeletons come in‘ 


the phosphate rock. Indeed, to a very 
extent, they are the phosphate rock 
consists of thick deposits of ancient 
nimal skeletons, ranging from fish down 
ne-celled organisms, left on the bot 
ms of ancient seas and since pressed 
| hardened into stone. 
The electrie-furnace method of prepar- 


r phosphate fertilizer does two things: 


it makes a much m 
that 


fert)! 
aCitil 


tive 


i7er 
iZel, 


from furnace ft 


pos 


sible the ee wer 


rked by 
ds, and 


use Of suilur now require 


out waiting for the full devel 
furnace method, TVA phosphates 


| 
electric 


have been put into wide use in many 


places throughout the valley and in sev 
eral states outside. Distributed with the 


strict understanding that they are for use 


TVA 


past ures, 


only in soul-restoring plantings, 


establishing 


phosphates are 


checking erosion and capturing six 


pounds of nitrogen from the air for every 


ugh the agency 


pound of phosphorus, thr 
they 


of plants which y fertilize 

Important for the power and naviga 
tion use of the river itself is the develop 
ment of the valley phosphorus program. 
For if the behind the 


dams fill up with erosional silt, the whole 


ewreat reservoirs 


vast project comes to naught Insuring 
that water for these 
from ored 


crumbling gulleys, is not the 


reservoirs comes 
not from 
least of the 


furnaces of 


valleys, 


gvrass-fl 


tasks of phosphates from the 
the TVA 
THE FORMATION OF YELLOW- 
STONE CANYON 
Millions of years ago, a 
Northwest took the ‘‘har 
result, to-day millions 
summer, 
Grand C 


in awe, every 
pastel tinted 
lowstone 

The tale is 
David Howard, o 
report to the 


in a | 


America 


same 


} 
‘ 


name river ov tnen 


west, cutting deeply tor 
finally joining the 


Union 


of mountain 
Missouri at Ft 


ranges, 


eastern 
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f Montana. Thence its waters 


their long journey toward the 


ithern end of Yellowstone 
ntinental Divide is not all 
of rocky steepness its name 
might suggest. There is a very wide pass 

so wide and flat, indeed, that its floor 
is a wet meadow most of the spring and 
summer. On the other side are streams 
that eventually reach the Pacific, by a 
much easier route. Why did the river 
take the more difficult way? 

The paradox is only apparent. Yel 
lowstone waters also flow downhill; and 
downhill, in the early days of the river, 
was toward the north. The mountains 
were still a-making, and as they rose the 


river cut through them and kept a way 


open. During the Pleistocene Ice Age, 
| 


glaciers apparently blocked the northern 
drainage one or more times, and the lake 
did then overflow the divide and drain 
toward the Pacific. But when the age 

jam went out, it resu 

flow 

e river has not kept in the same 

channel all the time, Professor Howard 
found. He confirmed the observations of 
other geologists who studied the terrain 
before him, that there is an old channel 
of pre-lee Age date, high on the uplands 
above the present gorge bottom. He also 
deseribes a second channel, proved to be 
of Ice-Age date by sediments « 
found in it. The river now « 


third, comparatively new channel 


SOUTHERN EUROPE’S EROSION 
The goat, irrepressible, omnivorous, 


cropping every living shoot level with the 


bare soil, was pointed ou 


t as the cause of 


the age-old soil-erosion problem of sout) 
ern Italy, Greece and other Mediter 
ranean countries, in a Royal Institution 
lecture delivered in London by Sir Daniel 
Hall, director of the John Innes Horticul- 
tural Institution 

l‘irst, the forests were stripped from 
the hills, and no provision made for their 


replacement. Then came the pri 


extend the limits of grazing 
is all very well if regulated 
Daniel, ‘‘but unfortunately in 
Mediterranean countries goats ar 
' grazing animals 
is no accident that old ti 
has represented the Evil One v 


a goat, for of all 


hooves I 1 anin 
goat plays the devil with land. H 
goats will eat anything that grow 
destroy every seedling tree as fast 
gets its head up; they complete 
tend the destruction the wo 
have begun.’ 

Then comes the cycle 
to Americans who have seen ov 
land: the animals’ sharp hooves 
surface of the soil; they beat dow 
little paths, invitations to rum 
water when the rains come. Th 
come first little cullies, then great 
and presently the sli pe 1s slash 
badlands. ‘‘Such has been the hist 
much of the fairest land on the s 
of the Levant,’’ said Sir Dani 


the heights bare rock where once 


and meadow flourished, rivers 
torrents in winter and dry in 
old seaports no longer accessible 
‘The destruction of the forest 
a major factor in the decay of 
Rome itself; it means in the first 
the loss of farming land and of t 
eultural population which forme 
backbone of the early armies of 


publie 


THE ROLE OF GLANDS IN MENTAI 
DISEASE 

One of » most puzzling pro! 
faced by the scientist exploring n 
mind is the role played by the pow 
glands of the human body. A n 
of demonstrated fact is the know 
that these glands serve as chemical 
tories, pouring out potent substa 
eapable of changing the whole bel 
of the individual Presence or la 
a glandular chemical may make a pers 
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retic or lazy, submissive or rebellious, 

lly alert or stupid 

the endocrine glands occupy a 

f power in determining the mental 

‘ss or illness of the individual has 
been suspected by physicians and 

ogists. Glandular disorders have 
noted in the mentally ill and tosome minerals a1 
as meant that the glands could be _ tial vitamins 
d for the mental illness. Others, 
sing the relationship, see the emo 
| strains of mental disease as effec- and sugar 
n throwing the endocrine system out by raw an 
ilanee. and by m1 
ally, medical science to-day has no Now 
al evidence of any cause and effect ing jus 


} 
Ti 


nship between the glands of in- only 
secretion and mental disease or means ay 
tal deficiency, Dr. Hugh T. Car- extra am 
el, psychiatrist of the University of vitamins 
eo Medical School, told his col foods, s0-ca 
es at the recent meeting of the Amer- against sick 
Association for the Advancement of sickness but 


A recent survey showed that of a group 
ibout 300 mental patients selected for 
locrine diagnosis and treatment more 
n a third were so improved that they 

able to leave the institution. Fur 
analysis showed that only 17 per 
those selected for endocrine di 


ag 


actually had anything wrong with 


vlands, and less than half of these 
id adequate gland treatment. In addi 
many of those ‘‘eured’”’ h id had a 
f mental disease that often disap 
irs spontaneously. Mental disease and 
ntal deficiencies are common. So also 
glandular imbalances. That they are 
found in the same individual could 
nply a matter of chance. The role 
endocrines is still an unsolved 
lem and presents a fruitful field for staple { 
ture research. enoug 
environment 
LENGTH OF LIFE AND FOOD beslthion the 
SELECTION 
The old adage. man is what he eats. POPULATION TO DECLINE DESPITE 
INCREASES IN PAST 


» some of the old-time sayings, gets 


and more confirmation from scien- Man power—or brain power 
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most valuable resource of the world, for warns Francis H. Elmore, of the Si 


out of it arises civilization and culture. Museum at Santa Fe, who has 
There has been a certain complacency querying these Indians on use of vy 

about the renewal of our human re- plants. 

sources. The population of the world The Navajo had ideas for usir 
trebled in the last 160 years. The white least 500 plants growing in their § 
races increased from 150,000,000 people western country. The great outdoors y 
in 1780 to 635,000,000 in 1930. That a shopping center where a Navajo « 
would seem to justify the idea that there go for basket materials, for food, d: 


is no need for worry about the natural medicines, dyes to brighten a garn 


increase in population. games for the children. 
To-day it is possible for the first time But that’s changed. With govern: 
to inventory, with some scientific aceu- aid, and with ways of earning n 


racy, man power not only by quantity from blankets, silverware and s 
but by quality as well. Frederick Osborn, brought to Navajo attention, the 
of New York City, who has collaborated dians have taken much of their “‘ trad 
with Dr. Frank Lorimer on population away from the old plant stores. Cor 
studies, reported recently to the Ameri- vatives still prefer some of the foods « 
can Association for the Advancement of by their forefathers. But Mr. Eln 
Science that the old process of population explains that a Navajo has learned 
growth is coming to a sudden stop among he can buy food almost as cheaply as 
peoples living in eities. A period of de- ean gather it, and with half the trou 
cline has arrived in most countries of Consequently, a young Navajo is litt 
Western Europe. better at describing ancestral cust 
By using crude birth and death rates, than a young New Englander might 
experts as recently as a decade ago found at telling you how his great-great-grat 
the population appeared to be rapidly mother made soap. Some older Ind 
increasing But when the age grouping still have valuable information, but 
of the population and other factors were Elmore warns that ‘‘in a few years 
considered, it was found that true rates Navajo will probably have forgotten 
for 1930 were 16.9 births per 1,000 and many of the plants were used.”’ 

16.3 deaths per 1,000, contrasted with Early Navajo lived chiefly on corn 
crude rates of 18.7 and 10.8. these Indians still do, he explains. But 
The slight excess in the rate of intrinsic whenever war or roving interfered v 

} 


reproduction in 1930 above that needed farming, resourceful Indians could 


for replacement has been whittled away 0n seed, roots, stems, and leaves, sust 


since that time, Mr. Osborn finds. There ing themselves even on long journeys 
is no doubt that the country is at present The daring of the traditional first-n 
declining in numbers in the true or in- Who-ate-an-oyster was matched by m 
trinsic sense. The best guess of the popu- than one Navajo who tasted some sceru 
fruit to try its food value. 

Study of Navajo ways may yield us 


information. Mr. Elmore foresees 


lation students is that the fall in birth 
rate will continue, and that the gross 
population will be something less than ful 
150,000,000 in 1970, declining thereafter. The pinon nut, Southwestern Ind 
fare, has become a commercial article ! 
PRESERVATION OF NAVAJO LORE jhe white man’s market. and ot 
Science must work fast to get informa- Navajo plants may prove useful to us 
tion now stored in Navajo Indian minds, as to them. 








THE FISH IN THE IRON MASK 


{1D OTHER FISHES WITH IRON RINGS AROUND THEIR NECKS 


By Dr. E. W. GUDGER 
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last 
seribed 
shown 


bucket 


bureai : 
. Hpeen on 
Boston , 


possibly 


sarticle Was written ll 
1 called to an item in 
reciting that ea 
Mr. Arthur Per 
\merican he mece wav, Nov: eotia, had capture 
eome ie fis) as ne nt to wed lar After some corres 
It was larve. had no place 1 lence, I g n touch with Mr. ¢ 
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keen it las i the best econ ear, of Roseway, who has 


dition, after it hi otographed, with Mr. Perry and who has courte 


measured and “ohed, 1 was thrown communicated the following facts to 


awa Mr. Perry had set his herring 1 
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Professor 
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occupies a is the Kips Bay Yorkville Hea 








nting 7 feet on the south side of Teaching Center at 411 East 69% 

Baltic Street, between ( irt and Clim Manhattan whic Wl be op 
n Streets, and has a depth of 100 feet conjunction with the New York H 
The main entrance on Baltie Street leads (‘orne ( niversity Medica ( 





t ad Spaclous obby (On the first floor Building plans are under way 
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dental and soecia nveiene services and Center. East 25th Street and F 







nfterence and waiting rooms On the - : nnere ti +] e Ne 
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